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INTRODUCTION 
Although scientific knowledge on insect resistance to 
chemicals has advanced spectacularly during the last few 
years, it is not possible to apply directly these findings to 
resistance within the order Acarina. Not only are the 
biochemical mechanisms of acaricidal action not known with 
any degree of certainty, but the range of chemicals available 
for effective control of mites is much greater than with 
insects. This creates more difficulty in quantitatively 
forecasting likely control, development of resistance and 
cross resistance patterns. 
The object of this thesis was to investigate the 
toxicology of a range of chemicals with Tetranychus urticae 
Koch and to determine cross tolerances in a Systox resistant 
strain. 
A further aspect of the work was to use a topical 
application bioassay method in determining dosage-mortality 
data so that the method could be examined and adjudged for 
quantitative resistance work on mites. 
NOMENCLATURE OF CHE~ITCALS 
REFERRED TO IN THIS THESIS. 
2. 
Names marked by 'a' are those listed by the committee 
on Insecticide Terminology of the Entomological Society of 
America and those marked by 'b' are those approved by the 
British Standards Institution and included in the most recent 
revision of "Recommended Common Names for Pesticides" (British 
Standard 1831 : 1965). Materials marked with an asterisk have 
been used in the experimental work. 
Common or 
other name used 
Aramitea 
>:'azinphos-ethyl b 
Chemical names or 
definitions 
2-chloroethyl 2-(p-tert.-
butylphenoxy)-1-methyl-ethyl 
sulphite 
2-(p-tert.-butylphenoxy) 
isopropyl 2-chloro-ethyl 
sulphite 
Other names 
O,O-diethyl S-(4-oxo-benzotria- Bayer 16259, 
zino-3-methyl} 
phosphorodithioate 
O,O-diethyl S-(3,4-dihydro-4 
oxobenzo(d)-(1,2,3)-triazin-
3-ylmethyl) phosphorodithioate 
Ethyl 
Guthiona 
3. 
*azinphos-methylb 0,0-dimethyl S-(4-oxo-benzotria- Guthiona, 
zino-3-methyl) Gusathion, 
phosphorodithioate Bayer 17147 
O,O-dimetbyl S-3,4-dihydro-4-
oxobenzo(d)-(1,2,3)-triazin-
3-ylmethyl)Jhosphorodithioate 
*binapacryla,b 2-sec.-butyl-4,6-dinitrophenyl Acricid, 
3-methyl-2-butenoate HOE 2784 
2-sec.-butyl-4,6-dinitrophenyl Morocide 
3,3-dimethylacrylate 
2,4-dinitro-6-sec.-butylphenyl 
-methylcrotonate 
carbaryla,b 1-naphthyl N-methylcarbamate Sevin 
carbophenothion•,b 0,0-diethyl S-p-chlorophenyl- Trithion, 
chlorbensideb 
chlorf ensonb 
thiomethyl phosphorodithioate Stauffer 
R-1303 
p-chlorobenzyl p-chlorophenyl 
sulphide 
Chlorbensidea 
Chlorparacide 
p-chlorophenyl p-chlorobenzene- ovexa, 
sulphonate Ovotran, 
CPCBS 
chlorobenzilatea,b ethyl p,p-dichlorobenzilate Chloroben-
z ila te 
demetona,b 
demeton-ob 
demeton-sb 
>:•dicofol b 
diemfoxa,b 
dimethoatea,b 
Dinocapa,b 
a complex chemical mixture in 
which p,p'DDT (q.v.) pre-
dominates (The British 
Standard requires the per-
centage of p,p'DDT to be 
stated) 
a mixture of demeton-0 and 
demeton-S ( q. v. ) 
0,0-diethyl 0-2-(ethylthio) 
ethyl phosphorothioate 
O,O-diethyl S-2-(ethylthio) 
ethyl phosphorothioate 
l,l-di(p-chlorophenyl}-2,2,2-
trichloroethanol 
bis(dimethylamino) fluorophos-
phine oxide 
4. 
docophane, 
B.P. (75 
per cent 
p, p 1 DDT), 
chloropheno-
thane u.s.P. 
( 14 : 13 6 19 5 0) 
Systox 
Di sys ton 
Kelthanea 
Hanane, 
Pestox 14, 
BFPO, DIFO 
O,O-dimethyl S-methylcarba- Rogor, Am.Cy-
moylmethyl phosphorodithioate anamid 12880 
2,4-dinitro-6-(1-methylheptyl) 
phenyl crotonate 
Karathane, 
DNOPC 
Di pt er ex 
DMC 
ethiona,b 
Fenthiona,b 
Genitea 
glyodina 
malaoxon 
malathiona,b 
O,O-dimethyl(l-hydroxy-2,2,2-
trichloroethyl) phosphonate 
1,1-di(p-chlorophenyl) ethanol 
di(p-chlorophenyl)-methyl-
carbinol 
tetra-0-ethyl S,S-methylene 
bisdithiophosphate 
Dimitea 
O,O,O,O-tetraethyl S,S-methylene Nialate 
bisphosphorodithioate 
O,O-dimethyl-O-J-methyl-4-methyl- Lebaycid, 
thiophenyl phosphorothioate Bayer 29493 
Bayt ex 
2,4-dichlorophenyl benzene-
sulphonate 
2-dichlorophenyl benzene-
sulphonate 
O,O-dimethyl S-(1,2-di(ethoxy-
carbonyl) ethyl) phosphoro-
thioate 
0,0-dimethyl s-(1,2-di(ethoxy-
carbonyl)ethyl) 
phosphorodithioate 
*Mesurol 4-(methylthio)-3,5-xylyl 
methylcarbamate 
6. 
Bayer-5024; 
Bayer-37344 
(USA) 
methyl"carbopheno- O,O-dimethyl S-p-chlorophenyl- Methyl 
thion thiomethyl phosphorodithioate Trithiona 
methyl-demeton a mixture of methyl-demeton-0 Metasystox, 
methyl-demeton-0 
methyl-demeton-S 
*methyl-parathion 
mevinphosa,b 
*Mores tan 
naleda 
Neotrana 
and methyl-demeton-S (q.v.) 
O,O-dimethyl 0-2-(ethylthio} 
ethyl phosphorothioate 
O,O-dimethyl S-2-(ethylthio) 
ethyl phosphorothioate 
0,0-dimethyl 0-p-nitrophenyl 
phosphorothioate 
dimethyl 2-methoxycarbonyl-1-
methyl vinyl phosphate 
6-methyl quinoxaline-2,3-
di thiolcarbonate 
dimethyl l,2-dibromo-2,2-
dichloroethyl phosphate 
di(p-chlorophenoxy) methane 
demeton-
methyl b 
demeton-0-
methyl b 
demeton-S-
methyl b 
parathion-
methyl b 
Phosdrin 
Bayer-4964 
Dibrom 
para ox on 
phosphamidona,b 
Prolan 
schradana,b 
sulf otepb 
Sulphenone 
7. 
diethyl p-nitrophenyl phosphate E-600, para-
oxona 
O,O-diethyl 0-p-nitrophenyl 
phosphorothioate 
dimethyl 2-chloro-2-diethyl-
carbamoyl-l-methyl vinyl 
phosphate 
l,l-di(p-chlorophenyl)-2-
nitropropane 
bis(dimethylamino) phosphonous 
anhydride o ctamethyl 
pyrophosphoramide 
tetraethyl dithionopyrophos-
phate 
4-chlorodiphenyl sulphone 
tetraethyl pyrophosphate 
E-605 
dimecron 
OMPA 
sulfoteppa, 
dithio, 
thiotep, 
dithioTEPP 
teppa, eth-
ylpyro-
phosphate 
tetradifona,b 
tetrasulb 
thiometonb 
*thioquinoxb 
Zectrana 
2,4,5,4-tetrachlorodiphenyl 
sulphone 
4-chlorophenyl 2,4,5-trichloro-
phenyl sulphone 
4-chlorophenyl sulphone (or 
sulphide) 
a. 
Tedion, 
chlorodif on 
O,O-dimethyl S-2-(ethylthio)ethyl Ekatin 
phosphorodithioate 
quinoxaline-2-3-trithiocarbonate Eradexa 
2-thio-J,3-dithiolo(4,5-b) 
quinoxaline 
4-dimethylamino-3,5-xylyl 
methylcarbamate 
9. 
CHAPTER 1 
REVIEW OF LITERATURE 
1.1. INTRODUCTION 
The major problem in the chemical control of arthropods 
throughout the world is the continued development of strains 
resistant to the common therapeutants used against them. Each 
year the problem becomes more severe with an increase in the 
number of resistant species and greater number of chemical 
types to which the species are resistant. There have been 
many excellent reviews of resistance of insects to insecticides. 
Brown (1958b, 1960, 196la and b) and Hoskins and Gordon (1956) 
are among the most exhaustive. Later reviews have appeared 
dealing with more specific aspects such as detoxication 
mechanisms (Smith, 1962) and biochemical genetics (Oppenoorth, 
1965). 
The phenomenon of acaricide resistance has received 
less attention than insect resistance and no major reviews 
have been published. However, Andres and Reynolds (1958), 
Jeppson (1960, 1963), Fritzsche (1960) and Brown (196la) have 
all given limited reviews of the subject. These invariably 
cite the case of parathion resistant mites on glasshouse roses 
in Connecticut as the earliest recording of resistance to 
acaricides, (Garman 1950). On examining the original papers 
10. 
on mite resistance more closely a very heterogeneous collection 
emerges including both field and laboratory observations, some 
of them ambiguous cases described in a single publication, 
others extensively investigated. 
To prove the existence of a resistant strain of mite 
and to define its characteristics demands careful experimental 
worko Failure of an acaricide in the field after a history 
of successful control is not sufficient evidence to claim true 
resistance. Busvine (1954, 1957), insists that to establish 
the existence of resistant mite strains beyond question, one 
should make comparisons under carefully standardised conditions. 
March (195$) and Unterstenh~fer (1960) also emphasise 
that every field observation reported should be checked very 
critically under controlled conditions before definite proof 
of resistance is claimed. They emphasise that it is important 
to obtain dosage-mortality data to estimate the level of 
resistance quantitatively. Only in the last few years has 
precise measurement of resistance investigation on matters 
such as genetics and biochemical mechanisms been made. 
The significance of the actual magnitude of resistance 
from the immediate practical standpoint may differ from its 
theoretical implications. In some circumstances a comparatively 
small degree of "resistance" may render control impossible but 
this only emphasises the importance of accurate quantitative 
work on the resistance problem. 
llo 
1.2. MITE SPECIES 
Before citing cases of mite species resistant to 
acaricides, it is necessary first to examine mite nomenclature, 
in order to be clear on the complex of names ref erred to in 
resistance work. 
Parr and Hussey (1961) refer to work of Pritchard and 
Baker (1955) who list 58 synonyms of the glasshouse red spider 
mite Tetranychus urticae Koch (=T. telarius (Linnaeus)). 
Boudreaux (1956) made a notable contribution by utilising 
mating experiments to demonstrate specific differences between 
T. telarius, T. cinnabarinus (Boisduval) and T. lobosus 
Boudreaux. Dillon (1958) tested 16 geographical strains of 
the T. telarius complex by similar techniques and concluded 
that the green forms in Europe were distinct from those in 
America which he proposed should be named T. bimaculatus Harvey. 
Previously Neiswander et al. (1950) had observed widely 
different populations of T. bimaculatus. They noted a marked 
variation in the general appearance of the individuals as red 
and green forms and found a wide variat ion in their reaction 
to acaricide treatment, in that the red forms were more 
susceptible to acaricide than the green. Cole and Fisk (1955) 
did not find significant differences between susceptibility 
of the green and red forms when tested with Aramite, DMC and 
TEPP. 
In a number of papers Hussey and Parr (1958), Parr and 
12. 
Hussey (1960), Bund and Helle (1960) and Helle and Bund (1962) 
confirmed American opinion that there are two distinct species 
of spider mites in glasshouses, T. cinnabarinus with reddish-
brown females and To urticae in which the females are green. 
Conversely Dosse and Nuber (1963) and Dosse (1964) showed 
that crossings between the green and red mites of the urticae -
cinnabarinus complex are not only possible but that such mixed 
populations occur on many host plants. In most cases mixed 
populations rather than two different species were found. 
Dosse (1964) claims that in Germany T. cinnabarinus has 
disappeared and that T. urticae is changing. Dosse and Nuber 
(1963) crossed seven strains of the Tetranychus complex from 
different plants in various parts of Germany and the offspring 
developed normally. 
Dosse and Boudreaux (1963) suggest that many instances 
of confusion of two species, because of close morphological 
agreement, have been resolved after the experimental 
demonstration of reproductive isolation was followed by an 
intensive search for decisive morphological character 
diff erenceso The example quoted is the resurrection of the 
name T. cinnabarinus (Bois.) for T. telarius (L.) (= cinnabarinus 
(Bois.)) a mite long masquerading as a variant of T. urticae 
Koch (= telarius (Lo) partim) o A distinction was made 
between these two species on the basis of lobe differences 
although European workers, Parr and Hussey (1960, 1961) and 
Bund and Helle (1960),have indicated that lobe differences are 
13. 
not entirely satisfactoryo 
Parr and Hussey (1960), in claiming that the American 
name of T. bimaculatus is synonomous with T. urticae,also 
emphasise that European acarologists adopted the specific 
name urticae in preference to telarius at the Symposium on 
Acarology held at East Malling in 1959. On the other hand, 
one of the latest authorative writings on the subject, 
Boudreaux and Dosse (1963), states clearly that the reddish 
carmine mite must bear the name T. telarius (Linnaeus, 1758) 
and the green two spotted mite must bear the name T. urticae 
Koch, 1836. 
It is important as far as this thesis is concerned to 
determine clearly between species, as a New Zealand strain, 
usually lmown as T. telarius was used as the susceptible strain 
and a strain imported from Germany bearing the name T. urticae 
was used as the resistant strain. 
Work in New Zealand on orchard mites and their predators 
is restricted to two years study by Cottier (1934a and b), 
Lamb (1953, 1958), Woodhead (1958), Harrison (1962b) and 
Collyer (1964). Even in New Zealand the correct specific 
name of the Tetranychus complex has always been in doubt. 
Lamb (1953) records that the two spotted mite has been known 
under the names T. urticae, T. telarius, T. bimaculatus and 
T. althaeae Hanstein. Although Woodhead (1958) and Harrison 
(1962b) favour T. telarius, Collyer (1964) in the most recent 
14. 
survey, records the two spotted II,lite as T. urticae (= telarius) 
and notes that the summer populations consist predominantly of 
the green form with only a small proportion of carmine. 
Ballantyne (1965) has shown that the German T. urticae organo-
phosphorus resistant population and the New Zealand T. telarius 
(= urticae) susceptible population will readily interbreed 
and produce normal progeny. Based on all this information it 
is considered reasonable to ref er to both the German and 
New Zealand populations as T. urticae Koch, henceforth. 
1.3. MITE RESISTANCE 
The present incidence of mite resistance to acaricides 
throughout the world is still confused by a lack of detailed 
and reliable scientific evaluation. It is further complicated 
by the number and chemical diversity of acaricides in 
commercial use and by their varied toxicity to at least 10 
phytophagous mite species on a range of host plants. 
l.J.l. Field Evaluation 
It was not until the introduction of organic 
therapeutants such as HETP for mite control in 1947, that 
serious resistance to acaricides began to develop in 
commercial glasshouses, (Smith and Fulton 1951) . All the 
early recordings of mite resistance were made merely by field 
observations and as such are of limited value. Most of the 
initial reports were of failure of organo- phosphorus acaricides 
to give economic control on a range of crops and of efforts to 
15. 
find alternative1 effective materials. 
The first of these recordings is credited to Garman 
(1950) who found a few areas of resistant T. telarius on 
glasshouse roses in the U.S.A. during 1948, the first year of 
parathion application and the second year of organo-phosphorus 
usage. Subsequently reports of organo-phosphorus resistance 
in various parts of the States were made by Smith and Fulton 
(1951) on T. telarius in Connecticut, Jefferson and Morishita 
(1956) on T. telarius in 1949 in Southern California and 
Newcomer and Dean (1952, 1953) in the Pacific north-west area 
in three species, Metatetranychus ulmi (Koch), T. pacificus 
McGregor and T. mcdanieli McGregor. 
In other parts of the world as well, mite resistance 
was being observed about the same time. Morgan and Anderson 
(1958) claim that parathion resistant T. telarius were noted 
in British Columbian orchards in 1950, only one year after 
parathion was first recommended to growers. It was not until 
1953 that Downing (1954) was prepared to claim ttdefinite 
evidence" of mite resistance in British Columbia, this time on 
Panonychus ulmi (Koch) after an apple orchard had been sprayed 
three times annually with normal commercial strength parathion 
for five years. 
In Europe there were also reports of organo-phosphorus 
resistant T. telarius populations, by Fjelddalen and Daviknes 
(1952) in Norway, Helle and OUdshoorn (1961) in Holland and 
16. 
Sasse (1960) in Germany. In summarising the mite resistance 
situation, Brown (196la) records other countries where field 
resistance has been observed to organo-phosphorus compounds, 
namely France, England, Australia, South Africa, Israel, 
Syria and Japan. 
Altogether Brown (196la) lists eleven phytophagous 
mites and one predaceous mite resistant to organo-phosphorus 
compounds: Tetranychus bimaculatus Harvey, T. urticae Koch, 
T. tillnidus Banks, T. mcdanieli McG.,T. atlanticus McG., 
T. pacificus McG., T. cinnabarinus (Bois.), Panonychus ulmi 
(Koch), Panonychus citri McG., Vasates cornutus (Banks), 
V. schlechtendali (Nalepa) and Typholodromus occidentalis 
Nesbitt, (a predaceous mite). 
Not only were glasshouse and fruit crops being affected 
by resistant mites but the wide host range of the two spotted 
mite, T. urticae, was resulting in the appearance of organo-
phosphorus resistance in field crops as well. Andres and 
Reynolds (1958) and Gerhardtand Wene (1959) observed resistant 
mites on cotton and Ascher and Cwilich (1960) found suspected 
T. urticae resistance on sugar beet in Israel and later 
confirmed it in the laboratory, (Cwilich and Ascher 1961). 
l.J.2. Laboratory evaluation 
The first reliable laboratory evaluation of resistant 
mites came from Jeppson~ al. (1958). Using a De Vilbis type 
laboratory sprayer and lemon fruits they demonstrated that 
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P. citri was resistant to demeton and 14 other organo-
phosphates. It required 15,000 times the concentration of 
Trithion, 883 times the concentration of parathion and only 8 
times the concentration of malathion in the spray to deposit 
sufficient residues to effect 50% mortalities in the resistant 
mite straino Jeppson~ al. (1958) and later laboratory 
workers, used log dosage - probit mortality (ld-p) lines to 
determine mortalities at various concentrations. Andres and 
Reynolds (1958) also used laboratory evaluation to determine 
organo-phosphorus resistance levels in T. atlanticus and 
!• pacificus resistant to demeton on cotton. Gerhardtand 
Wene (1959), Van de Vrie (1959), Bravenboer and Theune (1961), 
Cwilich and Ascher (1961), Ascher and Cwilich (1962), all 
used laboratory tests as well as field tests to determine 
organo-phosphorus resistance levels in a range of species and 
on various crops. 
Laboratory evaluation also allowed careful screening 
of new acaricides and most workers found organo-phosphorus 
resistant mite susceptible to materials such as Kelthane and 
Tedion, (Van de Vrie 1959, Mailloux and Morrison 1962). The 
field use of acaricides with a different chemical structure 
to that of the organo-phosphates raised the possibility of 
resistance development to these materials as well 9 Hoyt and 
Harries (1961) suspected Kelthane resistant T. mcdanieli on 
apples in Washington and confirmed the first laboratory evidence 
of Kelthane resistance when they showed a 200 fold increase in 
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LD50 over a susceptible strain. 
1.3.3. Resistance to Ovicides 
Several of the acaricides introduced for commercial 
control of organo-phosphorus resistant mites are known to 
act solely as ovicides or to be toxic to mainly egg and young 
motile stages, (Ebeling and Pence 1954). Among these materials 
are Tedion, ovex, chlorbenside, chlorfenson, chlorobenzilate 
and Neotran. 
Field observations in Southern California, led Jefferson 
and Morishita (1956) to suspect mite resistance to chloro-
benzilate and P. ulmi resistance to chlorbenside was claimed 
by Collyer and Kirby (1958), at East Malling. In neither case 
was a laboratory bioassay attempted. Munger et al. (1960) 
produced the first firm laboratory evidence of resistance to 
an ovicide when they found a strain of f. citri with an LD50 
to ovex, 131 times higher than an ovex susceptible straino 
Another claim of ovicide resistance was made by Foott (1965) 
who records T. urticae from the ground cover of a Canadian 
orchard as being resistant to chlorbenside but no levels were 
determined in laboratory tests in this case. 
These recordings raised the question of the effect of 
acaricides on the various development stages of resistant mites. 
Abul-Hab and Stafford (1961) could find no clear evidence in 
the literature of the response of eggs of resistant mites to 
ovicides. They had available a parathion resistant strain of 
T. telarius and in spite of parathion being considered 
primarily an adulticide, they determined to test it on 
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eggs of the resistant strain. Using dip treatments they 
found that the eggs of parathion resistant adults were also 
resistant to parathion, whereas the eggs of susceptible adults 
were also susceptible to parathion. Resistance levels can be 
further complicated by the effect of ovo-larvicides such as 
chlorbenside and tetrasul on the fertility of mite eggs. 
Van de Vrie (1963) found this when studying the effect of 
acaricides from different chemical groups on organo-phosphorus 
resistant P. ulmi in Holland. The material most noted for 
induction of sterility in mites is Tedion (Batth and Davidson 
1959). Although Brown (196J.a) records Tedion resistance in 
T. telarius and Jeppson et al. (1962) Tedion resistance in 
P. citri, neither worker discusses the sterility factor or 
deals with resistance levels in the various stages of the mite . 
life cycleo As Munger~ al. (1960) suggest, mite resistance 
work on ovicides is still very limited. 
1.3.4. Resistance Induction 
Early experience with parathion and other organo-
phosphorus acaricides demonstrated how quickly a material may 
lose its useful commercial effectiveness (Smith and Fulton 
1951). Later workers have selected resistant strains by 
repeated applications of one acaricide, in an attempt to study 
the problem before it develops naturally in the field. 
Jeppson et alo (1962) demonstrated that the number of 
applications necessary for P. citri to become resistant 
under field conditions to demeton and Tedion were 3-5 
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applications, to Kelthane 7-12, to Neotran 14, whereas Aramite 
was still effective after 19 treatments covering eight years. 
On the other hand, in the laboratory, T. pacificus remained 
susceptible to Kelthane after 22 selections but became 
resistant to Aramite after 15 selections. It was not clear 
from the study whether or not the differences in Kelthane and 
Aramite resistance reflected a species response or whether 
perhaps the genetic pool in the laboratory was too limited to 
respond in the same way to selection pressure . There is also 
doubt, in this work, as to whether the resistance referred to 
is true resistance or merely vigour tolerance, for differences 
of only 4-5, up to 10, fold are referred to as resistance. 
Another instance of relatively low level resistance 
induction is that of Aller and Lippold (1963), who produced 
a T. telarius population with only two fold decrease in 
susceptibility to binapacryl, after 21 applications over a 
14 month - 60 generations period. The Lc50 figures recorded 
in this case were .0008% and . 0004% respectively . 
True organo-phosphorus resistance was induced in 
!• telarius by Watson and Naegele (1959) when they laboratory 
selected through 45 generations for a 58 fold parathion 
resistance . For this work they used a virgin population with 
no spray history . On the other hand, Fjelddalen and Stenseth 
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(1962) carried out a selection with a strain of T. telarius 
in Norway with a history of suspected parathion and sulfotep 
resistance. In this case, they selected to a parathion Lc 50 
level 400 times as high as the susceptible strain . Comparing 
these two instances, it appears that differences in selecting 
for resistance could be due, at least in part, to the history 
of the various strains used for the selections . 
A further aspect of resistance induction investigated 
by a number of workers is the significance of selection 
pressure. Watson and Naegele (1959) showed that parathion 
resistance can be developed more rapidly at a high selection 
pressure. Although they obtained the same LC 50 values for 
high and low selections after 45 generations, the LC95 and 
slope values showed an advantage for the higher selection 
pressure. The fact that different slope values suggest 
differences in the composition of the strains prompted 
Watson et al. (1963) to investigate this matter furthero But 
in this case, several population characteristics, such as 
cross resistance, stability of resistance, response to holding 
temperature and egg production, produced no differences in 
.response between two resistant strains developed with high and 
low selection pressure. These results are contrary to 
expectations, assuming that differences in slope value found 
by Watson and Naegele (1959) should reflect differences in 
quality of resistance . Dittrich (1961) produced the expected 
result when he found high selection pressure with demeton 
22. 
adversely affected viability and egg production, whereas 
lower selection resulted in less affect on viability and 
egg production. 
l.3o5. New Zealand Incidence of Mite Resistance 
Although there have been repeated claims of mite 
resistance on various crops in New Zealand there has been 
no published data confirming laboratory evaluation of 
resistance. An extensive survey on the mite problem in 
New Zealand conducted by officers of the Department of 
Agriculture and summarised by Woodhead (1958),made no mention 
of mite resistance. The survey covered a wide range of 
plants on which Tetranychus mites were found on 12 fruits, 
3 vegetables, roses, clovers, grasses and 10 weeds. The 
first New Zealand recording of suspected resistance is to be 
found in the New Zealand Department of Agriculture annual 
reportfor 1960,where there are three unconfirmed instances of 
resistance of P. ulmi to Metasystox in Hawke's Bay during the 
1959-60 season. Subsequently, during the 1960-61 season 
P. ulmi resistance to organo-phosphorus compounds seemed to 
develop further in Hawke's Bay and appeared to some extent in 
Nelson. Although Gusathion, another organo-phosphorus compound, 
was used successfully on a wide scale during the 1960-61 
season, its failure to control T. telarius became evident in 
February 1961 (N.Z. Department of Agriculture 1961). By the 
following season, 1961-62, mite resistance to organo-phosphorus 
sprays had developed in at least half of the Nelson orchards 
and was also widespread in Hawke's Bay (N.Z. Department 
of Agriculture 1962). 
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Harrison (1962a) in a general discussion of resistance 
of insects to chemicals, records that New Zealand has three 
species of fruit tree mites which are known to have developed 
resistance to one or more of the commonly used modern insect-
icides. A level approaching 1 1 000 fold resistance in P. ulmi 
from a Hastings orchard, has been determined by a topical 
application laboratory technique, (Harrison pers. com. 1963)0 
103.6. Conclusion 
With more reliable laboratory work on mite resistance 
during the last few years there is now no doubt that the 
problem of mite resistance is widespread. It is only recently 
though, that basic laboratory studies have been conducted 
on mites to determine biochemical and genetical mechanisms. 
Although work on the genetics of insect resistance was well 
established when Crow (1957) published a general review, the 
genetics of mite resistance did not receive close attention 
until Helle (1962) and Dittrich (1963a,b,c) published papers. 
Similarly, biochemical studies on mites are still several years 
behind those on insects, as evidenced by the work of Plapp and 
Eddy (1961) on ali-esterase inhibitors as synergists to 
overcome resistance to malathion in house flies, compared with 
similar work by Henneberry and Smith (1965) who have only 
recently demonstrated malathion synergism against organo-
phosphorus resistant T. telarius. 
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There is a need for a complete review of work on 
mite resistance, just as Hoskins and Gordon (1956) reviewed 
the insect resistance problem. Brown (196la)has published 
the most extensive review of the subject but his summary of 
mite resistance was only a brief section of a full resistance 
review. Mite resistance is a problem on its own with its own 
peculiarities and warrants separate intensive investigation. 
This is no more evident than it is in considerations of cross 
resistance, where the wider range of acaricides makes 
prediction of developments in control very difficultQ 
1.4. CROSS RESISTANCE 
When mite resistance to parathion first developed, 
other organic chemicals were already available as replacements. 
Unfortunately most of these alternatives were also organo-
phosphorus compounds, such as malathion, schradan, Systox and 
Trithion. It soon became evident that resistance to one 
organo-phosphorus compound meant immediate or rapid development 
of resistance, to a varying degree, to other related phosphorus 
compounds. This led to a number of basic concepts on the 
nature of resistance and cross resistance. The most important 
of these is that all workers now recognise that resistance in 
insects and mites is genetically controlled and invariably 
pre adaptive (Brown 1958a, Unterstenho!er 196la). This concept 
is essential to the interpretation of work on cross resistance. 
Hoskins and Gordon (1956) define cross resistance as "all 
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instances when selection for one insecticide or acaricide 
leads to lowered susceptibility for others". 
1.4.1. Insect and Mite Comparison 
Studies of cross resistance in mites compared with that 
in insects, indicate that their resistance patterns are 
different. As an example, there is marked cross tolerance in 
insects to closely related organo-chlorine compounds but not 
to the organo-phosphorus insecticides, (March 1959). Also, 
strains selected with organo-phosphorus compounds develop high 
levels of resistance to organo-chlorines even though the 
resistance to the selecting organo-phosphorus compound may be 
very small. In contrast, Jeppson (1963), showed that mite strains 
selected with organo-chlorine acaricides were resistant only to 
very closely related compounds but were cross resistantto many 
organo-phosphorus compounds,even though there was no evidence 
of resistance to the organo-chlorine acaricide used in the 
selections. Mite strains selected with organo-phosphorus 
acaricides were highly resistant to most of the available 
organo-phosphorus type acaricides. The work of Voss et al. 
(1964) largely supports these conclusions. They studied the 
susceptibility of organo-phosphate susceptible and resistant 
strains toward various malathion analogs. The resistant 
strain showed a very wide r ange of cross resistance against 
the carboxyester substituents of malathion and malaoxon but 
the resistance factor quick~y r educed upon increase of the 
diphosphoroester group beyond the propyl chain length . 
Lc 50 data showed that the change in the resistance f-actor 
was directly related to the toxicity of the compound to the 
susceptible strain. Increase in toxicity was linked with a 
higher level of resistance. 
1.4 . 2. Cross Resistance Patterns in Mites 
The most extensive work on cross resistance in mites 
is that of Hansen et al . (1963} who used T. urticae as the 
test species . They concluded as follows:-
(i} Malathion and methyl demeton are the strongest 
selectors, selecting not only for high levels of phosphate 
resistance but also producing slight, but statistically 
significant increases in LC50 levels to chlorobenzilate, 
Aramite and Kelthane . In contrast chlorobenzilate is the 
weakest selection agent influencing at the most only the 
phosphates and Kelthane. 
(ii) Parathion is most easily selected against , 
for every selection agent increased parathion resistance . 
Chlorobenzilate is most difficult to select against . 
(iii} Some selection agents are more efficient in 
selecting for resistance to chemically unrelated compounds 
or chemically related compounds than they are as selectors 
for resistance to themselves. In particular, Kelthane is a 
more effective selector for producing methyl demeton resistance 
than it is for producing Kelthane resistance . It is even mor e 
effective than methyl demeton in selecting methyl demeton 
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resistanceo This is true also for Kelthane selection for 
parathion and malathion resistance. Methyl demeton selection 
produces higher levels of parathion resistance than selection 
with parathion and higher levels of resistance to malathion 
than selection with malathiono In addition, malathion 
selection produces higher levels of parathion resistance than 
selection with parathion but produces the same levels of 
methyl demeton resistance as selection with methyl demeton. 
This pattern within the phosphates suggests that the 
mechanisms for resistance to the phosphates are related but 
not necessarily identical. 
(iv) Some of the selection agents appear to have 
reciprocal selective abilities. Selection with Aramite for 
example, raises the level of phosphate resistance and 
selection with parathion raises the level of Aramite 
resistance. This pattern is also found between parathion 
and Kelthane as well as between methyl demeton and Kelthane. 
(v} Some selecting agents lack this reciprocity and 
select only in one direction. In particular, selection with 
chlorobenzilate raised the Lc50 of chlorobenzilate. This 
same relationship exists between Aramite and chlorobenzilate 
and within the phosphates. These relationships were not so 
easily shown at the Lc95 level or by reference to the slope 
values. The Lc95 ,s are not very helpful because of the 
initial low slope values which result in high, preselection 
LC95 values with wide fiducial limits. The slope values 
increased in response to all selecting agents except 
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chlorobenzilate but they increased most noticeably among 
the phosphates, suggesting that if vigour tolerance to some 
uniformly applied biological selection agent was influencing 
the strains, the phosphates were most noticeably influenced 
and the non phosphates, particularly chlorobenzilate, the 
least influenced. 
(vi) Cross resistance in the two spotted mite is most 
strongly expressed among similar chemical configurations 
but is also present between certain dissimilar chemical 
configurations. 
Generally cross resistance follows a similar pattern 
in all mite species studied so far. Jeppson~ al. (1958) 
dealt with cross resistance in the citrus red mite P. citri 
and Jeppson and Jesser (1962) with the Pacific mite 
T. pacificus. Jeppson (1963) in summarising this work points 
out that it is important to have strains that are resistant 
to as many of the existing acaricides as possible to evaluate 
their cross resistance to each potential toxicant. 
Accordingly he evaluated Aramite, chlorobenzilate and 
Kelthane selected strains of T. pacificus to a range of 
organo-phosphorus and specific acaricides. Whereas the 
Aramite selected strain showed high levels of organo-phosphorus 
resistance the chlorobenzilate selected strain showed 
relatively low levels of resistance to organo-phosphorus 
compounds and the Kelthane selected strain intermediate 
levels. There were also marked differences in cross 
resistance levels between the organo-phosphorus acaricidese 
Of particular interest to this thesis is the relatively 
low level of Gusathion resistance (5 times) compared with 
parathion (1,000 times) in a parathion selected strain of 
T. pacificus and 42 times and 90 times , for Gusathion and 
parathion respectively, in an ethion selected strain . It 
must be made clear that Jeppson's selected strains generally 
showed only ''vigour tolerance" levels of resistance as for 
example Aramite S times, Kelthane 1.6 times and, in a further 
series of cross resistance tests using an Eradex selected 
strain, the level of Eradex was only 4 times. In all these 
tests there was no cross resistance to the specific acaricides. 
Cross resistance has also been studied in P. ulmi (Asquith 
1962)0 He found considerable variation in cross resistance 
patterns using Kelthane and Tedion. It appeared from his 
work that Kelthane resistant populations can show cross 
resistance to Tedion but that Tedion resistant populations 
are not resistant to Kelthane. 
Many other workers already ref erred to in the general 
section on mite resistance have mentioned cross resistance in 
mites. They include Garman (1950), Smith and Fulton (1951), 
Fjelddalen and Daviknes (1952), Jefferson and Morishita (1956). 
Andres and Reynolds (195S), Helle (1959), Munger~ al (1960), 
and Helle and Oudshoorn (1961). 
l.4o3~ Carbamate Cross Resistance 
The development of carbamate insecticides, such as 
Sevin, has introduced another major chemical group in addition 
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to the organo-chlorines and organo-phosphates as far as 
insect control is concerned. Mesurol, another carbamate, 
has now been demonstrated to have acaricide properties and 
has been selected for investigation in this thesis. This 
raises the question of cross resistance to the carbamates but 
very little work on the subject is recorded as yeto There 
appears to be some relationship between the mode of action of 
carbamates and organo-phosphorus compounds in insects. 
Hoskins and Nagasawa (1961) suggest that the carbamate action 
is similar although more complicated and that cross resistance 
patterns between the organo-phosphorus compounds and the 
carbamates and between the carbamates themselves is also 
very complicatedo If the evidence of Smissaert (1964) is 
accepted, that there is a similar mode of action of organo-
phosphorus compounds in mites as there is in insects, it 
would be reasonable to assume that there may be some degree 
of cross resistance between organo-phosphates and carbamates 
in mites as well. Jeppson (1963) gives the first definite 
evidence of this when he claims a parathion resistant strain 
of P. citri was found to be cross resistant to Zectran and to 
other but not all carbamates. He does not name these other 
carbamates investigated. 
1.4.4. Combination and Rotation of Chemicals 
Combinations of acaricides with complementary activity 
have been suggested by Herne (1960) as a means of overcoming 
the resistance problem. He suggested the combination of 
Tedion with other acaricides to increase the effect of Tedion 
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and even where T. telarius had developed resistance to 
Phosdrin , Gusathion and other organo-phosphorus compounds , 
the combination of Phosdrin and Tedion, or Gusathion and 
Tedion , was more effective than Tedion alone . Synergisti c 
action was particularly evident where a Tedion - polybutene 
combination was used . Aller and Dewer (1961) have also 
ref erred to increase in acaricide action by combining 
Phosdrin with polybutenes or cellulose polymers . Hoyt and 
Kinney (1964) cite the case of a mite strain resistant to 
both Kelthane and Tediono When the two materials were 
applied together there was a slight improvement in control 
over that obtained with the individual materials but it was 
still not commercial controlo Similarly , Taylor et al o (1959) 
controlled a To telarius population resistant to organo-
phosphorus compounds, Aramite and Kelthane with combinations 
of Aramite and Tedion or Aramite and schradan, whereas Tedion 
and ovex alone did not give control . 
There have been a number of articles in growers ' 
journals suggesting rotational use of spray chemicals . 
Cutright (1959) believes that resistance development in a 
mite population , can be retarded or entirely prevented by 
rotational use of chemicals with different chemical actions . 
Brown (19613) refutes rotational or duel use of chemicals and 
cites examples where this has lead to faster development of 
resistance to the two compounds . Cutright (1959) also 
believes that resistant populations will invariably be come 
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susceptible again after 2-3 years without the original 
selecting agent but most resistance workers agree that the 
speed of reversion depends on homozygosity and degree of 
dilution from surrounding areas. Saba (1961) studying the 
decline in resistance in T. urticae distinguished two phases. 
In the first stage of decline, heterogeneity increased 
(heteroresistant) and in the second stage it decreased 
(retroresistant). With renewed treatment he found that 
resistance sometimes developed more slowly than originally, 
sometimes more quickly, depending on the degree of 
heterogeneity. 
Both Busvine (1959) and Van Den Heuvel and Cochran 
(1965), have pointed out that a good method of attack on the 
problem of mite resistance would be to work out a "resistance 
spectrum" for each strain involved. Such a spectrum would be 
based on LD50 ratios between susceptible and resistant 
colonies and would indicate clearly the various acaricides 
in any given case of resistance as well as providing evidence 
on the efficiency of protective mechanisms against various 
groups of related or unrelated acaricideso 
1.5. ACARICIDES 
In a review of this type it is not possible to deal 
individually with the wide range of acaricides in commercial 
use. However, just as insecticides have been classified into 
major groups, so too is it possible to classify acaricides 
based on their chemical structure. Hoyt and Kinney (1964), 
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in reporting their field evaluation of acaricides for the 
control of the McDaniel spider mite , have suggested the 
following classification. Examples quoted include the materials 
used in this thesis marked by an asterisk. 
(i) Organo-phosphorus compounds: Gusathion*, 
parathion*. 
(ii) Carbamates: MesuroP:<. 
(iii) 
(iv) 
( v) 
Nitrophenyl compounds and derivatives: Morocide*, 
Kara thane. 
Cyclic carbonates: Eradex*, Morestan':<. 
Chlorinated hydrocarbons: Chlorobenzilate, Dimite, 
Kelthane*o 
(vi) Sulphones and sulphonates: Genite, ovex, 
Sulphenone, Tediono 
(vii) Sulphites: Aramite. 
(viii) 
(ix) 
Oilso 
Miscellaneous compounds: Hydroxyethyl cellulose, 
Polybutenes. 
The first five of these groups will be reviewed briefly 
as being of immediate interest to this thesiso Of the other 
4 groups, the sulphones and sulphonates are mainly ovicidal 
and larvicidal in action, Aramite, the only well known example 
of an acaricidal sulphite, is no longer in commercial use 
and oils and compounds like the polybutenes with adhesive 
properties are regarded as acaricidal mainly as the result 
of their physical, and not chemical, propertieso 
The most comprehensive review on the chemistry and action 
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of acaricides has been published by March (1958). Previous 
useful contributions have been made by Metcalf (1955) and 
Martin (1953). The review by March (1958} deals solely with 
therapeutants primarily effective against members of the 
order Acarina, at dosages which are largely ineffective against 
insects. He discusses Aramite, chlorbenside, chlorobenzilate, 
Dimite, glyodin, karathane, Kelthane, chlorfenson, Sulphenone, 
and Tedion of which only Kelthane is of immediate importance 
to this thesis. The major group excluded by this treatment 
is the organo-phosphorus one, members of which possess 
insecticidal and acaricidal properties. 
1.5.1. Organo-phosphorus Compounds 
Schrader (1952} reviews 15 years of work on organo-
fluorine and organo-phosphorus compounds and traces the 
development of compounds such as TEPP, HETP, Pestox and 
parathion. Unterstenhofer (196lb} summarises the results, 
problems and trends in research on the organo-phosphorus 
compounds and in so doing nakes a distinction between the 
ectotherapeutic materials such as parathion, Gusathion, 
Dipterex and Lebaycid and the systemic materials such as 
Systox, Metasystox and Disyston. He discusses the structure 
and properties of these wide spectrum insecticides and 
acaricides,including the two forms of parathion and Gusathion, 
namely the et hyl and methyl esters. He concludes that, for 
instance, methyl Gusathion is more effective against 
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Coleoptera whereas the ethyl ester has a stronger acaricidal 
action. The same author (Unterstenh5rer 1958) gives a full 
account of Gusathion, its chemical and physical properties, 
toxicity and insecticidal and acaricidal properties. 
l.5.2o Mesurol 
Henry H. York&. Co. Ltd. (1964a) list Mesurol as an 
insecticide with a wide spectrum of activity. It is 
particularly effective a gainst mites, including phosphate 
resistant strains, at relatively low rates. Mesurol, they 
claim, inhibits cholinesterase, resulting in stimulation of 
the central nervous system. Unterstenhofer (1962) also 
refers to Mesurol as a polyvalent insecticide and acaricide, 
acting mainly by contact and only slightly systemic. As yet 
there is very little information in the literature on the 
action of Mesurol as an acaricide. 
1.5.J. Morocide 
Morocide or acricid is described by Emmel (1960) who 
claims activity against mobile and resting stages at 
concentrations as low as .006%. It acts by contact 
penetrating the integument rapidly and is also an effective 
ovicide. Henry H. York & Co. Ltdo (1964b) in their Technical 
Information Service agree with Emmel's conclusions on 
activity against various stages of mites. They forecast 
that it is most unlikely that mites will develop resistance 
to Morocide because of its unique mode of action. By 
observation, they have noted that no symptoms of nervousness 
or irritation precede the kill, or spasms or other 
excitement such as increased and later unco-ordinated 
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movements of the extremities as is typical of organo-phosphorus 
poisoning. Movements actually grow less until mites remain 
still with stretched or slightly bent legs and their 
protoplasm appears coagulated. The asswnption that resistance 
will not develop is substantiated by Jeppson et al. {1962) 
who reported the effective use of nitrophenyl compounds for 
20 years in Florida and California without resistance 
appearing. Aller and Lippold {1963) could induce only a 
vigour tolerance, two fold decrease in susceptibility of 
T. telarius to Morocide after 14 months selection in a 
laboratory. 
1.5.4. Cyclic Carbonates 
The chemistry and properties of the cyclic carbonates 
was described by Sasse (1960) who considered that Eradex was 
the most effective acaricide in this group. 
~ 
Unterstenhof er 
(1960) also deals with Eradex and the other useful acaricide of 
the group - Morestan. He refers to the group as the quinox-
alines and states that Eradex, is especially effective on 
larvae of P. ulmi and acts on summer but not winter eggs. 
Morestan, on the other hand he suggests, has a higher 
ovicidal power and is effective against the winter eggs. 
•O 
Unterstenhofer (1960) also gives details of the effect of 
Eradex on T. telarius. The larvae have an LD95 of .006% with 
Eradex, whereas females require a dosage of .01% for 
equivalent mortalitye Intoxication with Eradex proceeds slowly 
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in the postembryonic stages and usually amounts to 80-95% 
in the first three days after application, not attaining 
100'% until another six days. This suggestion of slow Eradex 
intoxication is supported by laboratory figures of Sasse 
(1960) which show that the cyclic dithiocarbonates (e.go 
Morestan) have a higher initial toxicity to T. telarius than 
the trithiocarbonates (e.g. Eradex). The following data 
summarised from Sasse's results, show the comparative 
concentrations of Morestan and Eradex required for 10o% adult 
mortality, 24 hours after application. 
Morestan: adult mites 90-100'% mortality at .002% cone. 
Eradex: n " 10o% " " o2% It 
The ovicidal properties are also compared although Sasse does 
not state the test period in this caseo 
Morestan: eggs 99% It " .001% conco 
Eradex: " 47% " n 0005% " 
Eradex: " 96% " " .02% " 
In both cases the figures show the need for lower 
concentrations of Morestan. However, in large scale field 
trials the difference in acaricidal efficacy between the 
dithiocarbonates and the trithiocarbonates has not been as 
great as might have been expected. The trithiocarbonates on 
account of their better stability to hydrolysis have a much 
longer residual action and have received preference for 
practical use, (Sasse 1960}. 
1.5.5. Kelthane 
Kelthane is an organo-chlorine compound with a molecular 
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structure very similar to that of DDT but with solely 
acaricidal action. In a series of tests conducted by 
Mailloux and Morrison (1962) on a wide range of acaricides, 
Kelthane proved to be the most generally effective material 
on all development stages of T. telarius. Jefferson and 
Morishita (1956) also tested Kelthane extensively and found 
it very effective against both egg and motile stages. 
March (1958) describes the chemistry of Kelthane and 
explains the relation of structure to activity. In all tests 
conducted, maximum acaricidal activity has always been 
associated with the bis-p-chlorophenyl structure of the 
carbinol molecule. Other compounds prepared with phenyl, 
p-tolyl, furyl, pyrryl or N-methyl pyrryl as the aryl portion 
of the 2 1 2,2-trichloro-l-aryl-ethanol structure, have always 
proved less effective acaricides. A related compound Dimite, 
bis (p-chlorophenyl) methyl carbinol, also has the p-chloro-
phenyl structure and although an effective acaricide is not 
as generally effective as Kelthaneo 
1.5.6. Effect of Acaricides on Various Development Stages 
Relevant to the work to be presented in this thesis and 
to this section, is the work of Ebeling and Pence (1954). They 
point out that entomologists often utilize only the adult 
mite as a test animal in the evaluation of acaricides, and 
that it is misleading to evaluate a group of acaricides on 
the basis of their effectiveness against only a single 
developmental stage. Their investigations with T. telarius 
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make it clear that in only a few cases can the toxicity of 
an acaricide to the adults be used to reflect toxicity to 
the immature, active stages. Examples of the results of 
their work are:-
(i) Adults not different to larvae in susceptibility: 
chlorobenzilate, DMC. 
(ii) Adults more susceptible than larvae: Aramite, 
parathion, malathion. 
(iii) Larvae more susceptible than adults: Neotran , 
chlorfenson, Karathane. 
(iv) Eggs more susceptible than adults: Neotran, 
chlorfenson" 
Meltzer (1955) agrees with Ebeling and Pence (1954) 
that it is misleading to compare acaricides with one mite 
stage onlyo 
A further series of tests similar to those of Ebeling 
and Pence (1954) have been carried out by Mailloux and 
Morrison (1962). A summary of their results follows. 
(i) Effective to a varying degree against all stages: 
Kelthane, chlorobenzilate, Karathane, Trithion 
and ethion. 
(ii) Effective against immature and egg stages only: 
Tedion, ovex and chlorbenside. 
(iii) Effective mainly against motile stages: Aramite , 
Dimite, Dibrom. 
(iv) Primarily adulticides: Ekatin, dimethoate , 
demeton, phosphamidon and dimecron . 
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1.6. FACTORS AFFECTING MITE POPULATIONS 
In conducting bioassays on mites it is important to 
provide a uniform population and to develop it under optimum 
conditions for egg production and growtho The major factors 
to be considered in this are the effect of host plant on 
population growth and on susceptibility to acaricides and 
the effect of temperature and humidity on the population 0 
1.6.1. Effect of Host Plant 
In the review of mite resistance the subject of variation 
in effectiveness of acaricides to mites raised on various 
hosts has been mentioned . Garman (1950), Neiswander et al . 
(1950), Dosse (1952) and Ascher and Cwilich (1960) all 
mentioned this phenomenon . 
Saba (1961) deals with the effect of plant host on the 
development of resistance in some detail . He reports the 
development of resistance with HETP selection af ter 12 
generations of T. urticae bred on various host plants, using 
mites bred on bean (Phaseolus vulgaris) as a standard o The 
degree of resistance developed was 66 times greater on hop , 
(Humulus lupulus), 16 times greater on nettle , (Lamium album) , 
3 times greater on plum , (Prunus domestica) and 2 times 
greater on carnations, (Dianthus caryophyllus) . Decrease of 
resistance and renewed resistance following a decrease were 
also all dependent upon the host plants . Using slope b (see 
page 64 ) of the regression line as a measure of heterogeneity , 
Saba (1961) demonstrates how a resistant population of 
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1. urticae can vary when held on various hosts. He records 
that the heterogeneity increased from b • 3.03 to 1.09 on 
nettle, from 2.38 to 1.22 on hop, from 2.66 to 1.55 on bean 
and from 2.96 to 2.20 on mirabelle plum. 
eo 
Unterstenhofer, 
(196la) comments on Saba's work and emphasises the importance 
of using a standard host plant in bioassays of resistance to 
ensure uniformity of results. A further example of variation 
in mite susceptibility when bred on various hosts is given 
by Fritzsche (1960). When a normal strain of T. telarius 
was tested with 0.03% methyl parathion he recorded the 
following mortalities one day after treatment:- 10o% 
mortality on tomato, 83.1% on beans and 9.8% on beet. 
Not only does host plant affect mite susceptibility to 
acaricides but it can also affect population growth. Fritzsche 
(1960) developed a mite population more rapidly on beans, 
13-21 days, than on tomato, 16-21 days and cyclamen 22-29 days. 
The greatest number of eggs was laid on strawberry 128, 
compared with bean 79. Oviposition fell with increasing age 
of leaves, reduced day length and increased leaf damage. 
Watson (1964) found that plants grown in nutrient solutions 
deficient in one of phosphorus, nitrogen and potassium, 
adversely affected female longevity, with phosphorus deficient 
plants worst. Young leaves regardless of nutritional treatment 
were more favourable for both total and maximum fecundity. 
1.6.2 0 Temperature and Humidity 
Temperature and humidity also have a marked effect on 
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mite populations. One of the first workers to deal 
extensively with this subject was Boudreaux (1958)0 He 
claimed that mites ovipositing in a dry atmosphere lay more 
eggs at a higher rate and live longer than do mites ovi-
positing in a near saturated atmospheree Hatching of eggs, 
he believes, is not greatly affected by extremes of humidity. 
But Harrison and Smith (1961) place great importance on the 
effect of relative humidity on egg hatcho Below 3~ R.H. 
some dessecation of eggs takes place and at 98% R.H. and 
above, they found high mortality of eggs. At saturation 
point practically all eggs failed to hatch. Naegele and 
McEnroe (1963) for mass rearing of Ta telarius, suggest 60% 
R.H., 80°F and continuous lighting of 500 f .c. at the plant 
surface. Nickel (1960) favours a low humidity for T. urticae 
to produce increased growth rate and egg production, but 
McEnroe (1963) contradicts this by showing that high 
humidities, up to safe, R.H., favoured a shorter maturation 
time from egg to adult in T. urticaeo Transpiration from the 
underside of the leaf, McEnroe suggests, creates a favourable 
microclimate especially when mites produce webbing. Under 
saturation conditions, when drop in temperature causes 
condensation, the culture will be lost or show heavy mortality. 
It seems clear from the work of Dittrich (1961) that 
resistant mite populations can be more adversely affected than 
normal strains by abnormal conditions of temperature and 
humidity. Comparing a Systox selected resistant strain of 
T. urticae with a normal strain, he found in all cases the 
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advantage was with the normal strain . Normal mites , he says , 
feed more strongly, are more resistant to food shortage , lay 
more eggs, show greater resistance to high temperatures and 
have a shorter development time. These results support the 
hypothesis that increasing resistance lcwers vitality and 
that the reduction in vitality is all the greater under high 
temperature and high humidity conditions . 
A further aspect of factors affecting mites will be 
dealt with in a following section on test conditions . In 
this section the growth and development of the population as 
a whole has been considered with little consideration of 
affect on individual tests. In general , workers seem to favour 
the bean (Phaseolus vulgaris) as a host plant for T. urticae 
and to develop populations at a temperature of 75-80°F and 
a relative humidity of approximately 70-BCYfa. 
1.7. METHODS OF BIOASSAY 
One of the objects of the work reported in this thesis 
was to examine a topical application method for testing 
acaricide toxicity of mites and for this reason it is necessary 
to review other methods with which the advantages and 
disadvantages of topical application may be compared . However, 
it is necessary first to be clear on the definition and 
objectives of a bioassay . 
. ' 
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1.7.1. Definition and Objectives 
Finney (1952) defines biological assay in its widest 
sense to mean the measurement of the potency of any stimulus, 
physical, chemical or biological, physiological or 
psychological, by means of reactions which it produces in 
living matter. 
Hoskins and Craig (1962), in their review article, have 
defined three main objectives of bioassay. 
(a) The use of insects in place of a chemical or 
physical method for determination of the amount 
of an insecticide on or in plant or animal tissue. 
(b) The use of insects to screen or determine the 
insecticidal power of new chemicals. 
(c) To determine the susceptibility or resistance of 
many species and many aspects of the resistance 
problem such as biochemical and genetical studies • 
l.7.2o Precision 
The desirability of high precision bioassays under 
controlled laboratory conditions has already been emphasised 
in considering reports of resistance in mites. Hoskins and 
Craig (1962) emphasise this point by arranging bioassay 
methods into an order reflecting increasing refinement of 
technique namely, {a) the toxicant is present in an 
environment into which the insects or mites are brought, such 
as dip methods and exposure to impregnated filter paper and 
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(b) the toxicant is applied to the insect or mite; by 
means of direct spraying, spray chambers and settling 
chambers, by topical application and injections , fumigation 
and feeding tests. Busvine (1957) deals extensively with 
techniques for testing insecticides and much information on 
methods of testing chemicals on insects is given in books 
edited by Shepard (1958, 1960) . One of the contributors , 
(Ebeling, 1960) , deals specifically with methods for testing 
acaricides . Another contributor (Metcalf , 1958) limits his 
subject to methods of topical application and injection 0 
The latest review of acaricidal testing techniques is given 
by Lippold (1963). 
To judge the adequacy of a testing method it is 
necessary to have a simple criteria on which to work. The 
criteria suggested by Busvine (1958) , namely precision , 
reproducibility of results and simplicity of spectrum will 
be used to compare information on the main techniques of 
interest in this thesis. The two main methods which warrant 
comparison with the topical application method are the 
various means of spray application and the dip methods. 
1 . 7.3 . Spray Methods 
A rotary turntable to spray mite infested plants for 
a standard time was used first by Gaines et al . (1952) . 
Various compressed air sprayers have been used along with 
the turntable method . A common sprayer referred to by a 
number of workers is a De Vilbis motor-driven compressed air 
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unit with a nozzle producing an air pressure of at least 
20 p.s.i. (Armstrong 1950, Mistric and Rainwater 1952, 
Ebeling 1960, Morrison and Mailloux 1960, Lippold 1961). 
Morrison and Mailloux (1960) used bush beans (Phaseolus 
vulgaris) trimmed to two fully grown prim9.ry leaves, trans-
ferred mites to the leaves with a camel hair brush, placed the 
plants on a turntable revolving 30 times per minute and gave 
each plant 15 seconds spraying with a De Vilbis sprayer. 
This method requires at least six plants per dose and with 
4-8 dosages this could involve more than 1,500 mites per test. 
A more satisfactory and accurate method is that 
employed by Ebeling and Pence (1953) using a settling tower. 
Hoskins and Craig (1962) also favour the settling tower 
method of spraying and suggest that the tower developed by 
Potter ~ al. (1947) approaches the ultimate in refinement of 
technique. 
Another useful refinement of the spraying technique is 
to use excised leaf discs. This method was originally 
described by Siegler (1947) and subsequently by Ebeling and 
Pence (1953), Morgan and Anderson (1958), Cole and Fisk (1955) 
and Ascher and Cwilich (1960). The method is to spray mites 
already on leaves and then to excise leaf discs and hold 
them in controlled conditions for the test period. 
Alternatively a leaf can be sprayed with the test material, 
the discs removed (diameter approx. 5 ems.} and mites then 
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transferred on to the treated discs, (Ascher and Cwilich, 
1960) . The excised leaf is normally held on moistened 
cotton wool in a glass container and the container can then 
be held in controlled conditions for the test period 0 
Controlled post treatment conditions are shown to be important 
in a later section of this review. 
Dittrich, (1961) describes a new cage spray method 
whereby mites are transferred into fine perlon mesh cages 
glued to the under surface of primary bean leaves. The mites 
in each cage were sprayed with a constant amount of liquid 
determined by the time (5 secs . ) and pressl.ll"'e (5 p . s . i . ) used 
fer sprayingo Dittrich, (1962) in comparing this with the 
slide dip and leaf dip methods suggests that it is the least 
variable of the three but requires greater skill and more work . 
1.7.4. Dip Methods 
The two main dip methods are the leaf dip and slide dip . 
1.7.4.1. Leaf Dip. According to Lippold (1963) this is 
one of the more rapid methods of treatment. Leaves of plants 
infested with mites are dipped into acaricides with variation 
in immersion times from l~-5 seconds . Dittrich (1962) thinks 
the leaf dip method more variable than either the cage spray 
or slide dip methods . Variability can come from lack of 
complete randomization, the gathering of the toxicant along 
the mid rib, (a preferred site of the mites) and loss of 
mites from the treated leaves. Ebeling and Pence (1953) 
demonstrated that up to 50% of the total population on a test 
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plant may be lost with the leaf dip method. Voss (1963), 
gives many advantages of the slide dip over the leaf dip 
method but admits that the slide dip is of no use for other 
than contact killing. Other workers to use the leaf dip 
method include Andres and Reynolds (1958) and Wats on et al. 
(1963) who favour the method for screening acaricides 
because of its speed. 
l.7.4.2e Slide Dip. Voss (1963) developed this 
technique and suggests the following advantages. It is a 
simple and quick method. A piece of double faced scotch tape 
is pressed tightly to a microscope slide and adult female 
mites transferred with a slightly moistened soft haired brush 
with the dorsal side down. Test mites are easily observed 
under a microscope post treatment and the time factor in 
killing can be observed and compared. Mites of different 
strains can all be tested on the one slide, a factor which 
is useful for genetical work. Post treatment conditions can 
be easily standardized for temperature and humidity. Voss 
(1963) believes that temperature has been neglected far too 
much by entomologists. He claims that the rate of mite 
movement and feeding is very much dependent on temperature so 
that the leaf dip rrethod could produce variable results under 
variable temperatures. The spectrum of control by a number 
of related acaricides can be determined very accurately by 
the slide dip method. Less plants are required and therefore 
less room is needed. 
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Eldefrawi et al. (1965) determined contact effect of 
a range of 14 acaricides by the slide dip method and the 
contact plus stomach poison of the same acaricides by the 
leaf dip method. They found that slope values for most 
acaricides were higher for the slide dip method. They raise 
the same objections to the leaf dip method as did Dittrich 
(1962), namely greater variability in results. 
1.7.5. Topical Application 
Although the broadest definition of topical application 
could conceivably include any means whereby an acaricide is 
administered to a mite or mites in any stage of development, 
the method is here considered to mean application of a 
carefully measured chemical dose to individual adult mites. 
Although injection is often considered as a topical 
application method its main similarity is the application 
of a measured amount of toxicant to individualso 
A review of the topical application method is given by 
Metcalf (1958) who summarises the advantages of the method. 
(a) the high degree of precision and replicability. 
(b) the small number of insects required per 
replication to give uniform results (10-20)0 
{c) the simple and inexpensive equipment needed. 
(d) the very small amounts of chemical required for 
testing. 
(e) comparison of results between laboratories is 
possible provided identical conditions are observed. 
(f) large numbers of tests can be made in a 
relatively short time. 
50. 
The last point (f), would perhaps apply to larger 
insects where a calibrated micro-pipette can be used . 
Hoskins and Craig (1962) disagree with this last point . They 
suggest that topical applications are time consuming and 
exacting and in their opinion the method should only be used 
when precise amounts of toxicant administered must be known, 
such as in absorption and metabolism work . For routine 
screening work they suggest that other methods are more 
suitable. Dahm et alo (1961} and Yun (1963) also recognise 
the high sensitivity and accuracy of the method and suggest 
that it deserves more consideration for accurate, relative 
worko Busvine (1956) suggests that the main difficulty in 
measuring resistance of insects to contact poisons consists 
in giving accurate doses to such "small creatures" . He 
advocates treating each one individually, preferably by 
injection but alternatively by topical application . With 
the high doses necessary for resistant strains, there is 
definite evidence that the proportion of poison penetrating 
into the insect falls off as the dose rises , (Busvine 1957) . 
It is interesting to note that the ld-p lines of resistant 
strains measured in this way are flatter than similar lines 
for susceptible colonies. 
Various apparatus for topical application have been 
described. A calibrated micro-pipette was used by Stafford 
(1946) to dispense single doses . Hewlett (1954) , described 
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a micro-drop applicator which applied single drops to small 
insects with a standard deviation of 9% at a mean volume of 
.017 p.l. The micro-burette has been widely favoured since 
several doses can be applied from one filling and the magnitude 
of the dose can be altered to compensate for variations 
between individual insects. Kerr (1954) described a micro-
burette made from glass capillary tubing which could be 
mounted on the mechanical stage of a microscope and with some 
practice could be used to apply volumes as low as .035 pl. 
Busvine (1957) and Hewlett and Lloyd (1960) have also 
discussed topical application techniques but for insects no 
smaller than Drosophila. Not until Harrison (1961} constructed 
a micro-pipette to deliver doses in the range .0005 µl. to 
.00005 ~l.,was it possible to use a topical application method 
on mites and insects of the order of 20 pg body weight. 
Although small volume applicators allow precise 
comparison of a caricides on normal and resistant mites, there 
are distinct problems in their use notably with choice of 
solvents. 
108. SOLVENTS 
The topical application of quantities a s low as .0005-
.00005 fl• demands a solution which will not evaporate before 
the full amount has been applied to the mite . This is not 
usually a problem with normal mite strains but in resistance 
work, the need for solutions of high concentrations often makes 
the choice of solvent very difficult. No work has been 
cited dealing with solvents in mite bioassays and there is 
no alternative but to attempt to draw comparisons with a 
limited number of papers on solvents in insect work. 
The major review on insecticide solvents is given 
by Metcalf (1958). He points out that the choice of solvent 
depends on the method of administration to be used whether 
topical, oral or injected. For topical applications and for 
use with the majority of organic compounds, saline preparations 
and water are unsuitable because they do not wet the insect 
cuticle readily and are very poor solvents. The alternative 
is to use either emulsions of the toxicants in water or 
organic solvents. 
1.8.1. Organic Solvents 
Most topical and injection studies, according to 
Metcalf (1958), have been made using acetone. It is very 
volatile and evaporates from the insect body within a few 
seconds leaving a deposit of the pure insecticide, but its 
volatility is a distinct disadvantage with fine capillary 
tubes. Ethyl alcohol is less valuable as a solvent for the 
same reason. For topical application work, Hadaway and Barlow 
(1958), also make the point that volatile solvents are not 
suitable and accordingly place the restriction that only 
solvents with boiling points above 260°c and a melting point 
less than 25°c would be acceptable. Among the solvents 
suitable from this point of view are oleic acid, methyl 
~-
phthalate, hexadecane, 5:8 diethyl dodecane and kerosene 
(b.p. range 150-JOO)o Other materials listed by Busvine 
(1958) as being suitable for a range of organic insecticides 
include dioxane, methyl ethyl ketone, propylene glycol, 
benzene, olive oil, peanut oil and refined mineral oil such 
as kerosene . Other organic solvents will be mentioned in 
the following sections dealing with specific aspects of 
solvent selection. 
1.8.2. Solvent Power 
Although Selz (1953) deals with the formulation of 
emulsifiable concentrates he gives a guide on solvents with 
ability to dissolve less readily soluble toxicants. Using 
the organo-chlorines as examples he suggests kerosene and 
mineral oil are suitable only for readily soluble insecticides, 
that aromatic, ketonic and chlorinated compounds are useful 
for less readily soluble materials , but for the more 
difficult soluble compounds, such as Lindane, he suggests 
acetone, mesityl oxide, acetophenone, dimethyl acetal and 
methyl propionate . Several workers have used a percentage 
of xylol in a less volatile solvent such as kerosene to 
increase solvent power, when high concentrations of 
insecticides are used (Harrison 1961, Ascher and Cwilich 
1960). Hadaway and Barlow (1958), dealing specifically with 
the effect of solvents on insect toxicity to mosquitoes and 
flies, also emphasise the importance of good solvent power 
and set a temperature of 25oc at which solvents must retain 
insecticides at a range of concentrations. 
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1.8.3. Wetting Power and Viscosity 
In describing an apparatus for topical application to 
mites and small insects, Harrison (1961) suggests that 
kerosene is a suitable solvent for the method, as its 
viscosity is low enough to allow easy expulsion from the 
capillary tube but high enough for evaporation to be negligible 
during application. Hadaway and Barlow (1958) eliminated the 
more viscous solvents for the same reason and similarly rejected 
those which did not adequately wet the insect cuticle, such 
as the polyhydroxylic compoundso Busvine (1951) also 
recognised the possibility of error in topical applications 
if the solvents are not good wetting agents . He suggested 
that mixtures of acetone and water and alcohol and water could 
be easily brushed off by the insect on recovery from 
anaesthesia . Several workers, for example Ascher and Cwilich 
(1960), have used a small percentage (2%) of a surface active 
agent such as Triton X.100 to overcome the wetting problem 
but these have all been in spray tests. 
1.8.4. Rate of Action 
Using topical application methods, Hadaway and Barlow 
(1958) present clear evidence that there are differences in 
rates of action between sol vents. For example, DDT acted 
more quickly in kerosene and in hexadecane (kills in 24 hrs.) 
than in tri-n-butyl phosphate (kills in 4$ hrs.). In another 
experiment using house flies they investigated the "chemical 
potential", which they defined as "the ratio of the 
concentration used to the solubility of the insecticide in a 
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given solvent". One striking example of the results in 
this case is that Prolan is 2.3 times as toxic as Prolan 
in liquid paraffin. As a general rule Hadaway and Barlow 
(1958) suggest, provided the physical properties of the 
solvents are similar, insecticides are more effective in 
paraffinic hydrocarbons than in aliphatic long-chain esters 
and related compounds, and are least effective in aromatic 
esterso They postulate that the solvent is concerned with 
the passage of insecticides through the cuticle and that 
solvents of different chemical structure vary in their 
ability to disrupt and disperse, if not dissolve, the waxes 
of the insect cuticle. 
l.8.5o Toxicity 
The final criterion of the value of a solvent is its 
toxic action on the insect (Metcalf 1958). Solvents 
eliminated by Hadaway and Barlow (1958), because of their 
toxicity to mosquitoes, included amyl salicylate, cyclohexyl 
acetoacetate, ethyl laurate, dimethyl phthalate and benzyl 
benzoate. They suggest that solvents are likely to show 
greater toxic effect when applied topically, especially the 
aliphatic and aromatic esters. This leaves virtually only 
the paraffinic hydrocarbons many of which have poor solvent 
power . There is no published data on toxicity of solvents 
to mites. 
1 . 9 . FACTORS AFFECTING TEST RESULTS 
Before reviewing factors affecting the testing of mites 
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it is necessary to be aware of the testing procedure. A 
population must be reared on a host plant, to ensure an 
adequate supply of mature, female mites. The mites used in 
the test must be as even as possible in every respect. 
During a topical application test, each mite must be held 
individually while a standard amount of acaricide is appli ed. 
The treated mites are then confined by some means to allow 
an assessment of action after a standard holding period . 
1.9.1. Pre Test Conditions 
Yun (1950) referred to factors which could change 
relative toxicities of insecticides and acaricides and later 
(Yun, 1960) summarised pre test conditions which were known 
to cause variation. As well as species, strain, stage, age 
and sex, he recognises the following pre test conditions 
which could persistently alter results: activity and weight , 
respiration and metabolism rate, sorption of insecticides , 
penetration of chemicals through the cuticle, permeability 
of membranes, transport and retention of toxicants, solubility 
and partition coefficient in water and lipids, rate of 
reaction at sites of action, detoxification and excretion of 
insecticides and conversion of toxicants into more or less 
toxic metabolites. Although most of these are inherent in 
the test animal, temperature and humidity, under which the 
insect or mite has been living immediately prior to testing, 
can alter activity, metabolism and perhaps penetration of 
chemicals . Voss (1963) presents evidence of lower LD50 levels 
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under higher preconditioning temperatures and suggests that 
this may be due to increased metabolic rate. Munson et al. 
(1954) found Drosophila melanogaster less susceptible to DDT 
when preconditioned at lower temperatures. Population density, 
Yun (1960) suggests, may also have an effect, although 
starvation before a test is likely to give greater uniformity 
of the metabolic processes. Any attempt to use starvation 
as a means towards uniformity would be a difficult technique 
to perfecto Voss (1963) presents evidence that susceptibility 
in T. telarius does not vary with density of infestation but 
when dealing with several populations care must be taken to 
avoid interbreeding. Hussey and Parr (1963) discuss the 
dispersal of T. telarius and emphasise the methods necessary 
to avoid contamination. 
The possibility of variation in test results by 
variation in the mite food plant has been briefly mentioned 
on pages 40-4l(Saba 1961, Fritzsche 1962). Further evidence 
of immediate pre test factors which could affect the 
susceptibility of T. telarius to acaricides is given by 
Henneberry (1964). He concluded that resistant mites from 
plants supplied high levels of phosphorus were more 
s~ceptible to malathion than mites from the resistant 
parent colony. Susceptible mites reared on plants supplied 
high phosphorus were more resistant to malathion than those 
from plants supplied the low level or those from the susceptible 
parent colony. Resistant and susceptible mites were more 
susceptible to malathion fed on high levels of nitrogen. 
Much of the work on effect of host plant has been 
contradicted by Voss (1963). He found no differences in 
susceptibility between mites reared on five different 
plants and no difference between mites reared on bean leaves 
of different ages. He suggests differences noted by 
Fritzsche (1960) were occ~sioned by variation in leaf 
structure and by his method of testing. 
Tests conducted by Saba (1962) have emphasised another 
factor which could lead to variation. His results show clearly 
that it is important to conduct bioassays with only one sex; 
female T. telarius were 200 times more resistant than males 
to TEPPo Usually workers choose the female mite for testing. 
1.9.2. Conditions During Exposure 
The importance of pre-conditioning tempera ture has 
been mentioned already in the previous section and will be 
emphasised again as important in post exposure conditions. 
Gaines and Mistric (1960) in dealing extensively with 
variation during the test period, also claim temperature to 
be a very important factor during the actual application of 
acaricides . They also consider rough handling of soft bodied 
pests can lead to marked variation in control mortalities. 
Many workers recommend a soft camel-hair brush for 
transferring miteso 
During exposure to acaricides , mites are handled by, 
and come in contact with, various equipment which must be 
kept clean and free from any contaminating materials at all 
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times. This is particularly important with the container 
into which the dosed mites are transferred and held for a 
standard post test period. For an illustration of the type 
of holding cage used in the experimental work reported in this 
thesis, see Fig. 1. Metcalf (1958) emphasises the importance 
of clean well ventilated cages for holding test insects or mites 
and would prefer disposable cages. Yun (1960) is also adamant 
on the point of clean cages. He points out that many new 
organic insecticides have fumigant properties which could 
have an adverse effect if cages are not ventilated. Pre-
cautions must also be taken on the use of acetone cellulose 
glue, putty or caulking compounds when making cages. Some 
insects are killed by the volatile materials in glue and putty, 
(Yun 1960). Although cages must be washed regularly, care 
should be taken to allow cages to dry if acetone or xylene is 
used, as traces of solvents could affect subsequent tests, 
(Gaines and Mistric 1960). 
Anaesthesia is often needed during testing. Carbon 
dioxide is cheap, safe and very convenient, but the exposure 
necessary to produce injury varies widely: house flies, 1 hour, 
anopheline mosquitoes, JO seconds, (Metcalf 195S). Carbon 
dioxide is also required to anaesthetise mites during testing 
but no information is available on toxic effects in this case. 
1.9.J. Post Exposure 
Holding temperature is extremely important according to 
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a number of workers. Voss (1963) presents detailed 
figures of variation in T. telarius toxicity to Systox, 
when susceptible and resistant strains are held at varying 
post exposure temperatures. The LD50 of the non resistant 
to resistant strain was in the ratio of 1:112 at 2000 (680F) 
and 1:10 at 35°0 (950F). Not many workers state holding 
temperatures. Ebeling and Pence (1953) state 75-85°F holding 
temperature for 48 hours. Ascher and Cwilich (1960) used 
25°0. Beard (1960), in reviewing post exposure conditions, 
suggests that temperature is the most important factor but 
does not state temperatures suitable for various insects or 
mites. The essential point all writers emphasise is standard 
post exposure temperatures in any comparative work, (Dittrich 
1962, Hoskins and Craig 1962). 
Beard (1960) deals extensively with criteria of toxic 
action and evaluation time. He points out that most workers 
choose 24 or 48 hours evaluation time but the arbitrary 
choice of a single evaluation time leaves much to be desired 
in comparing toxicities, particularly if the kinetics of a 
new compound are not knowno In evaluating Kelthane in the 
laboratory, Bodenstein and Muller-Bastgen (1957) found that 
at temperatures below 14-16°c (57o2-60.8°F) the full effect 
of treatment was not evident until a week after application. 
Emmel (1960) showed that the penetration and kill with 
Morocide is very rapid but conversely, Sasse (1960) shows 
that the full action of Eradex may not be evident until 
6-8 days after application because of its different mode of 
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action to other acaricides. Ascher and Cwilich (1960) 
noted with Eradex that T. telarius were not killed when 
observed 48 hours after treatment. Voss (1963) suggests 
with his slide dip method that variations in time of killing 
can be clearly observed up to a limit dictated by the need 
for food. As a general rule, small pests, such as mite, 
take a shorter time to kill and the 24 hour period is 
considered suitable. 
Gaines and Mistric (1960) and Beard (1960) both 
emphasise the need for natural post exposure conditions in 
laboratory testing to include suitable and adequate foodo 
Associated with this is the consideration of crowding for 
this could result in undesirable competition for food. 
Metcalf (1958} suggests that flies, bees and mosquitoes 
are particularly sensitive to the absence of food. 
In comparing the toxicity of various chemicals with 
different modes of action, one of the most difficult factors 
is determination of end point. The common criterion is 
absence of movement, especially with negative response to 
mechanical heat or light methods. Beard {1960)and Morrison 
and Mailloux (1960) considered T. telarius to be dead when 
they failed to crawl forward when prodded with a needle. 
Ebeling and Pence {1953) also used this criterion. They 
considered mites which were too moribund to crawl forward 
were dead for the purposes of acaricide comparisons even 
although they still showed unmistakable signs of life. 
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Some criteria such as this is necessary, as mites 
killed by acaricides may have a very different appearance. 
Mites killed by organo-phosphorus compounds become dark and 
shrivelled whereas Aramite and chlorobenzilate treated mites 
retain a remarkably life-like appearance and posture. With 
Morocide the movements of mites grow gradually less, with no 
previous peak of excitement and the mites will eventually 
remain still until coagulation of the protoplasm results in 
death, (Henry H. York 1964b). A striking feature of Eradex 
toxicity is the plump appearance of mites, (Unterstenhofer 
196lb). He observed relatively slow development of intoxication 
symptoms, beginning with arrested movement and inability to 
suck. Mortality may not occur with Eradex until larvae and 
nymphs have reached the chrysalis stage. 
1.10. EVALUATION OF BIOLOGICAL ASSAYS 
The method most widely used for evaluation of results 
of biological assays is the log-probit analysis based on the 
normal frequency curve, propounded by Bliss {1935) and 
developed by Finney {1952). Wadley {1955) refers to the 
logistic curve which he considers uses information as efficiently 
as the probit approach and is a little more adaptable to 
programmes for electronic calculation. Nevertheless, for 
general use he prefers the normal frequency curve (log-probit) 
method because of its clearer theory. Busvine {1957) explains 
the logistic distribution curve as well ~s a third type of 
transformation, the angle distribution. 
~. 
Hoskins and Gordon (1956) explain the statistical 
procedures in bioassay in considerable detail. A plot of 
dosage versus percentage mortality would result in a sigmoid 
curve which may vary in shape and symmetry. From such a line 
it would be possible to estimate an LD50 but according to 
Hoskins and Gordon (1956) this would be inadequate for two 
reasons :- (1) it determines the LD50 only approximately 
because interpolation along a curve is uncertain and (2) it 
neglects the information conveyed by the spread of the 
dosage-mortality relation. If the co-ordinates are transformed 
into dosage in logarithms and percentage mortality into 
standard devia t ion, then the data in most cases determine a 
stra ight line, (Hoskins 1960, Hoskins and Craig 1962). Since 
standard deviation may be plus or minus it is convenient to 
increase it by a number which gives positive values for all 
mortalities and Bliss (1935) suggested that the units of 
standard deviations, plus five, be called probits. Hoskins 
and Gordon (1956) suggest that the log dosage-probit line be 
called the ld-p line which later workers have accepted. 
Finney (1952) and Busvine (1957) have fully explained 
the need for correction for control mortality in calculating 
an ld-p line. This is based on a formula proposed by 
Abbott (1925) and known as Abbott's formula. 
p -
pt - c 
i - c 
where P = corrected mortality 
P'= observed mortality 
C = control mortality 
(Mortalities are expressed as proportions in this formula; 
if percentages are used, the denominator of the fraction is 
100-C) • 
An ld-p regression line has two properties , position 
and slope . Position signifies the value of one co-ordinate 
when the other is fixed, such as the dosage which results in 
death of one half of the exposed insects. According to 
Hoskins and Craig (1962) the LD50 or Lc50 (for dosage 
expressed as concentration) should be expressed as the 
logarithm and this should be used in all statistical 
calculations. Busvine (1957) defines a difference in slope 
as almost certainly reflecting different variances in 
susceptibility of two colonies provided the regression lines 
are obtained by the same method . Busvine (1956) suggests 
that, in general, when measurements of resistance are made, 
high resistance is associated with flat ld-p lines but flat 
lines are caused by technique and they do not necessarily 
reflect bigger differences in resistance. Hoskins and Craig 
(1962) define the meaning of slope more precisely as 
expressing the variability in susceptibility of a test 
population as measured by the procedure involved. A steep 
line means a population having small variation in dosage 
over the response interval, meaning that it is relatively 
homozygous in susceptibility. A flatter line denotes that 
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the population varies widely in susceptibility. 
Hoskins (1960) describes an ld-p line representing 
a bimodal population . Each component if used alone would 
give a straight line and the combination results in two 
lines with an inflection range between them. 
For purposes of numerical comparisons, slope is 
defined as the change in probits per unit change in log 
dosage, {Hoskins and Gordon 1956). An easy way to measure 
the slope is to count the number of probits through which 
a line rises when dosage increases by one log unit (i.e. ten 
fold). This is the same as the coefficient 'b' used in the 
equation for the regression line by many writers (e.g. 
Busvine 1957). 
Y = Y + b ( X - X) 
where X =Log+ 1 dose and Y =working probit. 
Tsukamoto (1963), in a comprehensive study of the use 
of the ld-p line in genetical work on insect resistance, 
demonstrates cle arly that the slope of the ld-p line is 
largely influenced not only by the number of resistance genes, 
but also by the level of resistance exhibited by these genes, 
as well as dominancy and gene interactions. He maintains 
that the resistance level of heterogeneous populations should 
be expressed by a whole ld-p curve and not by the straight 
regression line or by the LD50 value alone which are based 
on, and effective merely to the homogeneous normal 
distribution. 
CH PTER 2 
METHODS & MATERIALS 
2.1. INTRODUCTION 
With the apparent development of resistance in 
the field of the European red mite P. ulmi to Kelthane, 
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only two or three years after resistance to organo-phopshorus 
compounds had made the use of materials such as Metasystox, 
Regor and parathion uneconomic, the initial object of this 
work was to use Kelthane resistant P. ulmi to test the 
cross resistance spectrum of this strain to acaricides, so 
that future needs could be forecast. Preliminary tests on 
P. ulmi collected from apple trees in the Lincoln College 
orchard with a 3 year history of regular Kelthane application, 
indicated that, in comparison with an unsprayed population 
collected from home garden trees at Governors Bay, there was 
no significant difference in susceptibility to Kelthane. 
Subsequently populations of P . ~ collected from 
Nelson and Hawke's Bay pip fruit orc:tards with a similar 
Kelthane history and reputed to be resistant to Kelthane , 
showed no more than 2 times increase in LD 50 level compared 
to the susceptible population. It was then considered 
worthwhile to search for resistance of P . ulmi to organo-
phosphorus compounds in New Zealand but again preliminary 
tests were discouraging and no true case of resistance came 
to light. At this stage therefore it was decided to 
investigate resistance in T. urticae . A population of 
To urticae already held at Lincoln, which had been sent 
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for testing from Central Otago with suspected resistance to 
organo-phosphorus comrounds, did not differ in susceptibility 
to parathion, when compared to a Lincoln College population 
collected from an isolated area of beans (Phaseolus vulgaris) 
and with no history of spraying. Subsequent efforts to 
locate an organo-phosphorus resistant population of T. urticae 
in New Zealand failed . As a result it was decided to proceed 
with testing the susceptible population of T. urticae and 
to import an organo-phosphorus resistant strain. 
2.2 . MITE STRAINS 
(a) A population of T . urticae with no history of 
spray application was collected from beans, (Phaseolus 
vulgaris) grCMing at Lincoln College. Hereafter this 
population will be ref erred to as the S-strain. 
{b) A strain of T. urticae was imported from Germany. 
This originated from a population of To urticae classified 
taxonomically by Dr Go Dosse, Stuttgart-Hokenheim, Germany, 
in 1963, and held in the Biological Institute of Farben-
fabriken Bayer A.G. Leverkusen as the organo-phosphorus 
normal-reference strain. The resistant strain imported to 
New Zealand for this work was developed by the Biological 
Institute from the normal-reference strain after about 30 
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selections with incre8sing concentrations of Systox . 
fter the development of this highly Systox- resistant 
population it was maintained in the Leverkusen laboratories 
as the R-ref erence strain by periodic application of Systox. 
Hereafter this population will be ref erred to as the R- strain. 
(c) The normal- reference strain of T . urticac 
referred to in (b) above was also imported from Germany and 
was used in one test to compare it with the New Zealand 
S-strain . The German susceptible population will be referred 
to as the S-strain ex Germany ~ (abbreviated to S(Ger.)-strain). 
The German mites were sent air mail to New Zealand by 
Dr Unterstenhof er enclosed on bean leaves in a polyethylene 
bag and arrived at Lincoln College 7 days after despatch in 
good condition . 
2.J. REARING MITES 
Both S and R populations were maintained in a glasshouse 
on bush bean P. vulgaris. For maintenance of a bulk mite 
population, the beans were normally grown in seed trays , 
approximately 24 beans per tray . Beans were also grown 
singly in 4u clay pots (Plate 1) . These were useful in 
maintaining a smaller mite population during the summer 
months when mite numbers built up very rapidly . They were 
useful also as a npre test" plant . Individual plants infested 
48- 72 hours prior to the acaricide test provided large numbers 
of adult females of uniform size with very few younger- stage 
mites . The method of infestation is shown in Plate 2. As the 
PLATE lo 
PLATE 2. 
Mite-infested beans growing in trays, 
isolated by water from wiinf ested beans 
in pots. 
Heavily populated excised leaves in 
position on a young bean plant 
developing a new mite infestation. 
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infesting leaf wilts, adult mites transfer more rapidly to 
the new leaves than do the younger less mobile stages. 
This also insured that mites were uniform in pre test food 
supply and were not affected by crowding. A further possible 
variable avoided by selecting test mites from newly infested 
leaves was that the leaf surface was practically devoid of 
webbing and that the microclimate on the leaf was normal. 
It was considered important that the beans be grown in 
a soil mixture complete in plant nutrients. The mixture 
used was the normal John Innes No . 1 potting mixture. 
5 bushels sterilised soil 
4 bushels organic matter 
3 bushels fine grit 
3 oz. lime per bushel i; 
4 oz . base fertiliser per bushel (4 parts dried 
blood, 3 parts super phosphate , 2 parts 
sulphate of potash by weight). 
To ensure a regular supply of young bean plants, seed 
was sown at 10-14 day intervals. 
Initially the R and S populations were kept isolated in 
separate glasshouse units separated by a glass-concrete block 
partition and employing a water trap {Plate 1). Running 
water was maintained over the floor for a dual purpose; 
firstly to ensure that mites could not move through joins 
in the glass should they succeed in dropping to the floor and 
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secondly to maintain a high humidity. 
Subsequently the demand by other workers for space 
in the units made it necessary to retain both populations 
in the one unit. The populations were still separated by 
having the pots sitting in a water trap and the individual 
populations on separate tables on either side of the unit . 
Clean non-infested plants were also kept in the unit and 
provided a check on the isolation system by remaining free 
of mites. 
As T. urticae is known to migrate when the population 
reaches a high level and leaves have become chlorotic, care 
was taken to prevent these high level populations. Although 
the water trap prevented mites moving down and off the plant, 
it is well known that this web spinning mite can drop to the 
ground by a web thread and in that way avoid the water trap. 
Under high population conditions, plants were cut off at 
ground level and carefully placed in a sealed polyethylene 
bag, removed from the unit and burnt . 
Although the units were equipped with fan and heaters 
to control temperature and an air intake water nozzle, to 
assist with temperature control and to maintain a humid 
atmosphere, difficulty was experienced still in maintaining 
an even temperature and humidity. In spite of shading applied 
to the glass, the day temperature during the summer would 
occasionally rise into the 90-l00°F range . With such an 
increase in temperature, humidity would fall and there would 
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be dessication and natural mortality of mites. Although no 
detailed test was conducted, it became obvious that control 
mortality would be too high, (greater than 10%) if acaricide 
tests were conducted during or within 24-48 hours of high 
temperature-low humidity conditions. 
Except under extreme outside conditions the temperature 
was maintained night and day in the 70-$QOF range and 60-80% 
relative humidity. Under these conditions the mite life 
cycle was completed in 8-10 days. Although other workers 
have recommended the use of artificial light during the 
short-day period of the year, it was found that the mites did 
not go into the orange diapausing stage if temperatures were 
maintained in the 70-80°F range and consequently no additional 
light was necessary. 
2.4. TEST PROCEDURE AND EQUIPMENT 
The topical application method, employing a self filling 
micro-pipette described by Harrison (1961), was used for all 
testing. 
The micro-pipette was made by drawing out thick walled 
glass tubing so that the capillary diameter was in the range 
of .01-.02 m m. This was measured under a microscope. The 
capillary tube was cut to length and measured with a 
micrometer screw gauge to produce a capillary with a volume 
of .0005 pl. This was intended to apply a dose of 
approximately l/40th of the m s s of the mite. The capillary 
tube was held in 3 m.m. glass tubing with epoxy resin 
PLATE J. 
PL .TE 4. 
Topical application apparatus in position 
on the bench . 
Photomicrograph of an adult female mite 
in position ready for topical application . 
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glue. The holder was clamped into position so that the 
capillary tube was in the field of a microscope. The 
arrangement of apparatus for testing is shown in plate J. 
The capillary tube is self filling and was filled by holding 
a small wire loop containing a film of test solution to the 
exposed end of the tube. The mite was captured in the 
posterior region by a suction holder and held to the capillary 
tube so that the solution could be expelled by forced air 
to the anterodorsal part of the body, (Plate 4}. Although 
exact positioning of the test solution on the mite body was 
attempted it was not always possible. It appeared from 
frequent tests that it was important to avoid the head region 
so that there would be no confusion between contact and 
stomach action but apart from that, any part of the body was 
suitable. 
A funnel was used for easy transfer to the holding cage 
which was held in a very low flow of carbon dioxide to 
anaesthetise the mite. No stream of air as used by Harrison 
(1961) or other method was used to dry the mites before 
placing them in the cages. 
The holding cages were constructed from perspex washers 
with a disc of filter paper attached with Davis resin glue to 
one side, (Fig. 1). Various alternatives to filter paper 
were tested; waxed paper, aluminium foil, cellophane and 
polyethylene. To avoid contamination, the cages were washed 
in acetone and then hot water and the paper renewed between 
75 . 
each test . 
High control mortalities occurred occasionally , 
necessitating repetition of that particular test . This 
invariably occurred when a test was being conducted on a 
hot day with temperatures above 800F . A range of tests was 
conducted on several occasions to determine the cause of the 
high control morta lities . Finally the cause was narrowed 
to the cage and eventually to the glue but only when the 
glue could interact with a solvent such as acetophenone . 
Subsequently, Canada balsam proved more suitable as the 
adhesive . This will be described in more detail in the 
results . 
Ten mites were placed in each cage and the cage pinned 
to the upper surface of a bean leaf with a disc of cork, 
(Plate 5) . With each acaricide a full test would normally 
consist of five concentra tions with 30 mites per concentration 
(3 cages of 10) as well as 30 mites (3 cages) dosed with the 
solvent alone to give a control mortality . The number of 
concentrations and the dilution r ate depended on the 
homozygosity of the stra in to the test material . With 
pra ctice and a good supply of adult female mites , a full 
test of 5 concentrations and a control (a total of 18 cages) 
could be completed in 3~ hours continuous dosing or an average 
of one mite per minute . 
In the case of the resistant strain it was sometimes 
necessary to apply two drops of, for example, parathion 100% 
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Plata 5. Mita holding cegas i n position on the lcznvas of a baan plant. 
Mitczs anclosad on lczaf 
Filtczr papczr 
,~~~~~~~~~~~~~~1=---'- Pcz rs p cz x wn sh cz r 
Cork d isc 
Fig. 1 . Sczction of a m i te ho d i ng cagcz p 1nnad to thcz sur<aca of a baan laaf . 
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concentration in order to obtain high percentage mortalities . 
This was more difficult and time consuming . The question of 
effect of increased volume wa s investigated to a limited 
extent and will be discussed in the results . 
Holding time was maintained throughout at 24 hours . 
t the stage when high control mortalities were causing 
concern an investigation was made with parathion to compare 
the effect of 12 and 24 hour holding periods on control 
morta lity , but it was considered that the 24 hour holding 
period should be retained for all acaricides for convenience 
and uniformity . The only other departure from the 24 hour 
holding period was when Eradex and Morestan failed to 
produce high mortalities after 24 hours . In this case , 
cages were held for up to 3 days , to investigate the 
possibility of slow acaricidal action of these materials . 
With chemicals having different modes of action 
producing various toxicity symptoms, it was difficult to 
determine mortality in some instances , particularly in the 
central range of acaricide concentrations . For this reason 
it was necessary to set a standard to deter mine mortality . 
Mites were recorded as dead if in a moribund state and if 
they failed to move forward under gentle coaxing with a 
dissecting needle . Some mites were recorded as dead by this 
criterion even although they showed obvious signs of leg 
movement or ability to stand . 
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2. 5. ACARICIDES 
The following acaricides were tested on the R and 
S mite strains: 
1 . Ethyl parathion . 2. ~ethyl parathion . 3. Ethyl 
Gusathion. 4. Methyl Gusathion . 5. Kelthane . 
60 Morocide . 7. Mesurol o 8 . Morestan and 9 o Eradex o 
2. 5. 1 . Selection 
Several criteria were used in selecting the acaricides o 
(1) They cover a range of acaricides which have been used 
commercially in the past (1 & 2) , are in use now (3 , 4 , 5 & 
6) and may be used in the future {7, 8 & 9) o 
(2) Cross resistance within a group of chemicals could be 
studied, namely the organo- phosphorus group {l , 2 , 3 & 4) 
and possibly the cyclic carbonates (8 & 9) o 
(3) Cross resistance between groups could be studied . 
Organo- phosphorus (1 , 2 , 3 & 4) 
Organo- chlorine ( 5) 
Dinitrophenyls ( 6) 
Carbamate (7) 
Cyclic carbonates (8 & 9) 
{4) The effect of chemical structure within a group could 
be determined by comparing ethyl and methyl parathion and 
ethyl and methyl Gusathion . 
{5) All materials must have a contact action as acaricides . 
2 . 5 . 2. Properties of Selected Acaricides . Details of 
the nine materials used in the experiments are as follows : 
2.5.2.1. Parathion (Ethyl) 
Chemical name. 
Structural formula. 
Alternative names. 
Physical properties. 
0,0-diethyl 0-p-nitrophenyl 
phosphorothioate. 
Parathion, E605. 
Brown liquid 94.5% pure. 
Melting point 6.ooc. 
Boiling point 157-1620C. 
Molecular weight 291. 
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Solubility. Slightly soluble in water and petroleum 
oils; miscible with most alcohols, 
ethers and aromatic hydrocarbons. 
2.5.2.2. Parathion (Methyl) 
Chemical name. O,O-dimethyl 0-p-nitrophenyl 
phosphorothioate. 
Structural formula. 
Alternative name. 
Physical properties. 
Solubility. 
CH3o S >~-O~N02 
CH30 
Methyl-parathion. 
Pale yellow waxy solid 95.8%. 
Boiling point 154°C. 
Molecular weight 265. 
Soluble in most organic solvents. 
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2.5 . 2 . 3 . Gusathion (Ethyl) 
Chemical name . 
Structural formula . 
Alternative names. 
Physical properties. 
Solubility . 
0,0-diethyl S-{4- oxo- benzotriazino- 3-
methyl) phosphorodithioate . 
0 
S II . 
C2H50----ll /CX) -----P-S~CH2-N · 
C2H50 I 
N . 
N 
azinphos - ethyl , Ethyl Guthion, Bayer 16259. 
Brown waxy solid 91 . 1% pure . 
Melting point 53°c . 
Molecular weight 347 . 3 . 
Insoluble in water o Soluble in most 
organic solvents except aliphatics . 
2 . 5. 2.4 . Gusathion (Methyl) 
Chemical name. 
Alternative names . 
O, O-dimethyl S- (4- oxo- benzotriazino- 3-
methyl) phosphorodithioate . 
0 
s " CH 0 II /CX) 
3 >P-S-CH -N 
CH30 2 I 
N" N 
azinphos-methyl , Guthion, Gusathion , 
Bayer 17147 . 
Physical propertieso White crystalline solid 99 . afo pure . 
Solubility. 
Melting point 73°c . 
Molecular weight 3170 
Insoluble in water . Soluble in most 
organic solvents except aliphatics . 
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2.5.2 .5. Kelthane 
Chemical name. l,l-di(p-chlorophenyl)-2,2,2-trichloro-
ethanol. 
Structural formula . OH 
ci-C=>-f-CJ-c1 
CC13 
Alternative name. dicofol. 
Physical properties. White crystalline solid. 
Solubility. 
Melting point 78.5°-79.5°c. 
~olecular weight 335. 
Practically insoluble in water o 
Soluble in most organic solvents. 
2.5.2.6 . Morocide 
Chemical name. 
Structural formula. 
2-sec.-butyl-4 ,6-dinitrophenyl 
3-methyl-2-butenoate. 
Alternative names. binapacryl, Acricid. 
Physical properties. Light brownish solid. 
Solubility. 
Melting point 67-69°C. 
Molecular weight 3220 
Soluble in most common organic solventso 
Insoluble in water. 
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2 . 5 . 2 . 7 . Mesurol 
Chemi cal name . 4- (methylthio) - 3 , 5- xylyl methyl 
carbamate . 
Structural formula . 0 H 
CH3 II I 
CH3s-<===:>-o - c - N - CH3 
CH3 
Alternative names . Bayer - 5024 . 
Physical properties . White crystalline powder 96 o5% pure . 
Solubility. 
Melting point 121°C . 
Molecular weight 225 . 3 . 
Insoluble in water . Soluble in acetone 
and alcohol . 
2.5.2 . 8 . Morestan 
Chemical name . 
Structural formula . 
Alterna tive names . 
Physical properties . 
Solubility . 
6- methyl quinoxaline- 2- 3- dithiolcarbonate . 
Bayer - 4964 . 
Light yellow crystals 95 . 210 pure . 
Melting point 172°C . 
~olecular weight 218 . 
Insoluble in water . 
Slightly soluble in acetone and alcohol . 
Soluble in hot benzene , toluene , di oxane , 
dimethyl formamide . 
2.5.2.9 . Eradex 
Chemical name. 
Structural formula . 
lternative names. 
Physical properties. 
Solubility . 
2.6o SOLVENTS 
quinoxaline - 2,3-trithiocarbonate . 
Thioquinox , Bayer - 4935 . 
Brown crystals 98 . 1~ pureo 
Melting point 18ooc . 
Molecular weight 236 . 
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Difficult to dissolve in all organic 
solvents o 
Solubility at 250°c in 
alcohol 
benzol 
dioxane 
water 
.92g/1000 c.c. 
lJg/1000 c.c. 
18 . Jg/1000 c . c . 
insoluble 
The main difficulty encountered in preparing a range 
of concentrations of the materials for testing was the 
solvent. Several of the acaricides, notably 11esurol, 
:r.Torestan and Eradex were insoluble or only slightly soluble 
in the common organic solvents . 
Initially kerosene, or kerosene and xylol, were used 
as the solvent(s) for parathion and Kelthane . As tests on 
the R-strain proceeded, it became obvious that a more 
effective solvent would be required, to allow higher concent-
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rations of several of the acaricides . 
The following solvents were investigated from several 
points of view. 
(a) solvent power over a wide range of acaricides . 
(b) suitability for the topical application technique . 
(c) toxicity to mites at the volume used , . 0005 pl . 
Acetone, acetophenone , anisole , benzyl alcohol, 
n- butanol, chloro-benzene , clove oil , dimethyl formamide , 
dimethyl sulphoxide , 1:1- dimethoxythane, dioxane , ethanediol , 
kerosene, mesityl oxide, 2- methoxy- ethanol , sec . octyl alcohol , 
phenetole, xylol . 
The reasons for elimination of several of these as 
unsuitable will be reported in the results . Seven were 
considered sufficiently promising to warrant further testing . 
They were:-
Acetophenone:- c6H5co .cH3 = 120 . 15 
Freezing point 18- 20°0 . 
Anisole ( ethyl phenyl ether): - CH30 . C6H5 = 108 . 
Boiling range 152-156°c 
Benzyl alcohol: - C6H 5CH20H = 108 . 
Boiling range 202- 206°0 
Kerosene: - a mixture of organic compounds . 
Boiling range 150- J00°C 
Mesityl oxide: - (CH3}2 C: CH . CO . CH3 = 98 
Boiling range 125- 132°0 
85 . 
Methoxy ethanol (ethylene glycol monomethyl ether) . 
CH30. CH 2 . cH 20H = 76 . 
Boiling range 123 - 125°C 
Phenetole:- C6H 5oc2H5 = 122 
Boiling range 168- 172°c 
Two solvent tests were conducted , one comparing 
acetophenone and kerosene using methyl Gusathion as the 
acaricide and the other comparing all seven solvents using 
Kelthane as the acaricide . 
CHAPTER 3 
RESULTS 
There are two major sections to the results, (1) a 
comparison of acaricide toxicity to the S and R-strains, 
and (2) solvent studies. There is also a minor section 
dealing with techniques. Although the main results are those 
dealing with acaricide comparisons on the two mite strains, 
the other two sections will be covered first. This will 
provide some background on technique and difficulties 
encountered during testing, in order to allow better inter-
pretation of the acaricide results. 
3.1. SOLVENTS 
In several of the initial acaricide tests, kerosene, 
or kerosene + lo% xylol, were employed as the solvents for 
formulating the range of solutions. The S-strain was tested 
with ethyl parathion and ethyl Gusathion using kerosene + lo% 
xylol as the solvent mixture and Kelthane was tested using 
kerosene alone, before the first difficulty was encountered 
in selecting a suitable solvent for Mesurol. Recommended 
solvents in the case of Mesurol were acetone and alcohol, but 
both were too volatile for the topical application technique 
and combinations of kerosene and xylol or kerosene and acetone 
failed to give sufficient solubility. Preliminary tests with 
the other acaricides to be tested, such as orocide, Morestan 
and Eradex, indicated that the solubility problem with these 
materials was likely to be even worse than with Mesurol. 
Ethyl and methyl Gusathion were also likely to be difficult 
to dissolve if high concentrations were needed for the R-strain. 
Accordingly, a range of solvents, already listed in Chapter 2 
(page 84) was selected from the organic solvents available. 
J.1.1. Preliminary Tests 
The selected solvents were subjected to a series of 
tests to determine their suitability for the method and 
were gradually reduced in number for the following reasons. 
1. Volatility too high at normal testing 
temperatures of 15-JOOC:- acetone, chlorobenzene, 
dimethoxythane, dioxane, xylol. 
2. Viscosity too low:- clove oil. 
J. Toxic to mites:- dimethyl formamide. 
4. Insufficient solvent power:- butanol, dimethyl 
sulphoxide, ethane-diol, kerosene, octyl 
alcohol . 
The remaining solvents were then subjected to a test 
to compare solvent power over the range of acaricides to be 
tested with the exception of parathion which did not show 
solvent difficulty. In Table 1 an 'X' signifies that a 
1% solution or greater is possible . 
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Table 1. Solvents producing 1% or greater solubility 
of various acaricides • 
Solvent Aceto- nisole Benzyl Mesityl Iv ethoxy- hene-
phenone alcohol oxide ethanol tole 
Ethyl 
Gusathion x x x x x x 
Methyl 
Gusathion x x x x x x 
Kelthane x x x x x x 
Morocide x x x x x x 
Mesurol x x x x 
Morestan x x 
Eradex x x 
The outstanding solvents emerging at the end of these 
preliminary tests were acetophenone and anisole. nisole 
appeared the more powerful solvent for the difficultly soluble 
materials such as Eradex and Morestan and was according ly 
selected as the most suitable replacement for kerosene. 
Mesurol was the first and only acaricide to be tested using 
anisole as the solvent, in a full test on the S-strain. 
serious disadvantage of anisole appeared during the test, in 
that it reacted with the "Araldite" epoxy resin glue used to 
hold the capillary tube in its holding tube. The glue became 
''jelly like" in constituency and ineffective for holding the 
capillary tube firmly in placeo Although marginal in 
volatility at temperatures about 28-J0°C, anisole could 
nevertheless be a very useful solvent for the topical 
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application technique if a suitable al ternative glue could 
be found for holding the capillary tube. Anisole was included 
in a solvent comparison to be reported later in the results, 
by taking care to avoid contact between solvent and glue . 
3.1.2. Comparison of Kerosene and cetophenone 
As some dosage-mortality lines had already been 
determined using kerosene + 10% xylol as solvent and in 
subsequent tests acetophenone was to be used, it was decided 
to compare the effect of the two solvents when used with the 
same acaricide . Ethyl Gusathion , already tested using 
kerosene + lO'fe xylol, was selected for the comparison. Five 
concentrations of ethyl Gusathion in each of kerosene + l()9b 
xylol and acetophenone were applied to the S-strain of 
T. urticae during the same day. Results were subjected to 
probit analysis (Finney 1953) and are summarised in Table 2. 
Dosage mortality regression lines for the solvent comparison 
are presented in Figure 2 and detailed figures in appendix 1. 
Table 2. Comparison of the Toxicity of Ethyl Gusathion 
in two Solvents against T. urticae S-strain. 
Solvent LD5.0 Fiducial Slope S.E . -x. 2 
mgJg Limits b (b ) 
Kerosene + 
10-X> xylol .0032 • 0027- . 003 8 3.96 . 64 1 . 270 
Aceto-
phenone . 0064 .0050-.0082 2 . 40 .3 9 2.611 
LD50 
ratio 
K:A 
1 
2 
Fig.2 Dosage - Mortality Lines 
Comparison of Kerosene and Acetophenone Solvents 
uPrtob,.itt (using T. urticari S. strain and Ethyl Gus•thion) .. 
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The decrease in slope and doubling in LD50 value indicates 
a lesser efficiency of ethyl Gusathion with acetophenone . 
3.1.3. Comparison of Seven Solvents 
The results presented in section 3.1.2. prompted 
further investigation of the effect of solvents on acaricide 
toxicity. Accordingly, the six solvents emerging from the 
preliminary tests, (see Table 1) together with kerosene, 
were subjected to comparative tests using Kelthane. Kelthane 
was selected for several reasons. 
(1) It would provide a comparison on solvent 
effect with that already determined with 
ethyl Gusathion. 
(2) LD 50 levels had already been determined 
with Kelthane for both S and R-strains. 
(3) As S and R levels were almost identical 
the R-strain could be used for the 
comparison, to determine if the R-strain 
would react in the same way as the 
S-strain had when ethyl Gusathion was 
used for a solvent comparison. 
Two concentrations of Kelthane were selected for the 
investigation • 
• 15% Kelthane based on the expected LD50 level 
.5% Kelthane based on the expected LD90 level 
The expected Ln50 and Ln90 levels were determined from data 
in Table 14. 
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Five cages of 10 mites each (50 mites) were treated 
per concentration for each of seven solvents and 50 mites 
were treated with each solvent alone to determine control 
mortality. 
Summarised total mortalities are shown in Table 3 
and detailed figures are given in appendix 2. 
Table 3. Comparison of Acaricide Solvents on T. urticae 
using Kelthane as the Basis. 
vo IVlortalitv 
Solvent Control .15% .5% 
Kelthane Kelthane 
Acetophenone 4 22 86 
Anisole $ 36 96 
Benzyl alcohol 8 36 76 
Kerosene 4 46 96 
Mesityl oxide 8 18 $0 
Methoxy ethanol 2 46 88 
Phenetole 2 54 92 
The figures were unsuitable for probit analysis as only 
two concentrations were tested. However, with five replicat-
ions of 10 mites each, the data was suitable for an analysis 
of variance (see tables 4, 5 & 6). The figures were 
transformed for analysis by reference to an angular trans-
formation table (Stevens 1953). 
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Table 4. nalysis of Variance in 1ortality of 
Mites at Kelthane Ln50 Level in 7 Solvents. 
Source of 
Variation 
Between 
Solvents 
Within 
Solvents 
Total 
Sum of Degrees of IV ean Square 
Squares Freedom Variance 
2707 6 451.0 
3330 28 118.9 
- -
6037 34 
F ;. 2 • 44 P L.. • 0 5 , F > 3 • 5 3 P < • 01 
••• P(F6 28 = 3 .42) <. .05 
' 
Ratio of 
Variance 
F. 
3.42 
At the LD 50 mortality level there is a significant difference 
between solvents at the 95fa level of probability . 
Table 5Q Analysis of Variance in Nortality of 
Mites at Kelthane LD90 Level in 7 Solvents. 
Source of 
Variation 
Between 
Solvents 
Within 
Solvents 
Total 
Sum of I Degrees of JI. ean Square 
Squares Freedom Variance 
2782 6 464 
2298 28 82 
-- -
5080 34 
F >2.44 P < .05, F >3.53 P <.01 
• •• P ( F 6 28 = 5 • 66) < • 01 ' 
Ratio of 
Variance 
F. 
5.66 
At the Ln90 mortality level there is a significant difference 
between solvents at the 99~ level of probability. 
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Table 60 Analysis of Variance in ortality of 1.ites at 
both Kelthane LD 50 and 1n90 Levels in 7 Solvents . 
Source of Sum of Degrees of Mean Square 
Variation Squares Freedom Variance 
Between 
Solvents 4185 6 698 
Between 
Concentrat-
ions 26735 1 26735 
Solvent x 
Concentrat-
ion Inter-
action 
Within 
Solvents 
Total 
1304 6 217 
5627 56 100 
-- -
37851 69 
For F = 2 .17 if > 2 . 26, P <. • 05 
if > 3 . 15 ' p <. 0 01 
."o P{F6, 56 = 2. 17) > . 05 
Ratio of 
Variance 
F. 
6 . 98 
267 . 3 5 
2 . 17 
The interaction does not quite reach signific<:mce at the 
95~ probability level so that it cannot be said that the 
solvents have the same er:·ect at both concentrations of 
Kelthane. 
For F = 267 . 35 if > 4 . 01, P <. . 05 
if > 7 .12' p <.. 01 
;o P(Fl,56 = 267 . 35) < oOl 
There is clearly a highly significant difference in mortality 
between concentrations . 
For F = 6. 98 if ) 2 . 26, P <. • 05 
if ) 3 .15 ' p < • 01 
••• P(F6 ,56 = 6.98) < .01 
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The difference between solvents is significant at the 99% 
level of probability o 
The analyses of variance have indicated highly 
significant differences between solvents but have not shown 
which solvents are significantly different from others. For 
this reason a Duncan's test was conducted (Harter, 1960). 
The results are shown in Tables 7 & Bo 
Table 7. Summary of Duncan's Test: Solvent Comparison: 
Kelthane LD50 Level. 
Solvent % Mortality Duncan's Letters 
P= <.. 05 
Phenetole 54.l a 
Kerosene 45o9 a 
ethoxy Ethanol 45 .6 a 
Benzyl Alcohol 36.0 ab 
Anisole 35.7 ab 
Acetophenone 18.2 b 
esityl Oxide 18.2 b 
The equivalent average angle has a standard error of 4.88. 
In this case the percentage mortalities obtained with 
phenetole, kerosene and methoxy ethanol are all significantly 
higher ( P= < • 05) than ac etophenone and mesi tyl oxide but they 
do not differ from methoxy ethanol and benzyl alcohol . 
Table 8. Summary of Duncan's Test: Solvent 
Comparison: Kelthane Ln90 Level. 
Solvent % Mortality Duncan's Letters 
P= ( .05 
Kerosene 98.4 a 
Anisole 9fL4 a 
Phenetole 93 .4 ab 
Methoxy ethanol 89.4 abc 
Acetophenone 86.0 be 
Mesityl oxide 80.1 c 
Benzyl alcohol 75.9 c 
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p .. < .01 
A 
A 
AB 
AB 
AB 
B 
B 
The equivalent average angle has a standard error of 4.05. 
For P= ..(. .01 kerosene and anisole have produced 
significantly greater mortality than mesityl oxide and benzyl 
alcohol. 
For P= ..(. .05 kerosene and anisole differ significantly 
from acetophenone, mesityl oxide and benzyl alcohol. In 
addition, phenetole differs from mesityl oxide and benzyl alcohol 
but not from the other three solvents. 
Considering both levels the main comparison of 
interest is that of kerosene and acetophenone and in both cases 
kerosene produces a higher mortality (P= < .05). 
Observations made during the solvent testing suggest 
that physical characteristics of the solvents are responsible 
for the differences in toxicity of Kelthane. Acetophenone 
and benzyl alcohol both showed poorer wetting characteristics 
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on the mite cuticle than the other solvents. Mesityl oxide 
the other solvent which performed poorly at each level, was 
slightly volatile at the dosage temperature. This was in 
the range 20-25°C throughout the test. 
J.2. TOPICAL APPLICATION TECHNIQUES 
From time to time high control mortalities would occur 
during a test and make it necessary for it to be repeated. 
Several attempts were made to determine the reason for this 
sudden variability and the results are summarised below. 
Throughout the tests acetophenone was applied alone to 
determine control mortality unless otherwise stated. 
J.2.1. Condition of Host Plant 
Mites from an old bean leaf, beginning to yellow and 
deficient in nitrogen were compared with those from a young 
healthy green leaf. Mortalities were lo% and 7% respectively 
so that condition of the plant was not affecting control 
mortalities. 
3.2.2. Population Density 
Mites were taken from heavily infested beans and 
compared with a low density population. Although it was 
easier to select even sized adult females from the pot 
population there were no real differences in control 
mortalities which were 9% and 6% respectively. 
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3 . 2 . 3 . Dosing Procedure 
Mites were held with the suction tube and the suction 
pressure varied but again no differences were noted . Thin 
and thick walled capillary tubes were also compared, again 
without variation . Length of anaesthetization was compared 
for toxic effect but 10 min . and 20 min . subjection to 
carbon dioxide did not vary control mortalities . 
3.2.4 . Position of Holding Cage on Leaf 
Cages were pinned to the upper and lower surface of 
bean leaves to compare control mortalities after treatment 
with acetophenone. In this case there was a marked difference o 
Control mortality on the top of the leaf was 137~ whereas the 
bottom of the leaf produced a 3D'fo mortality . This difference 
was caused by a higher transpiration rate on the lower 
surface, where after 24 hours the rel2.tive humidity within 
most cages was obviously very higho Equipment was not 
available to measure this , but on the lower leaf surface 
condensation was evident indicating lOOjo rl . H. in most cases . 
3 . 2 . 5o High and Low Holding Relative Humidity 
Bean plants with cages containing mites treated with 
acetophenone alone , were held in a desiccator and in a 
polyethylene bag to create extremes of humidity . This test 
was conducted in conjunction with the cages held on upper and 
lower leaf surfaces and, as in section 3 . 2 . 4 o above , there 
was greater mortality under high humidity conditions . 
•ortality counts gave a ratio of 1 dead under dry conditions 
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to 2 dead under humid conditions . 
3 . 2e6 . Construction of Cages 
Discs of filter paper normally used to enclose mites 
against the leaf were compared with other selected mBterials 
' 
namely aluminium foil, cellophane, greaseproof paper and 
plastic. There were no significant differences in control 
mortalities but it was noticeable that mites tended to 
remain on the bean leaf more readily with all materials 
except filter paper . This was particularly noticeable with 
aluminium. The mites in this case had remained on the leaf 
and had not produced webbing in large amounts as they often 
do with filter paper . Although the new materials tested were 
all moisture resistant there was no evidence of water 
condensation with the cages pinned to the upper leaf surface . 
3.2.7 . Glue 
High control mortalities appeared frequently on days 
when the temperature rose above 25 - 30°C e This led to the 
suspicion that the "Davis" resin- type glue used in 
construction of the cages may be releasing toxic volatile 
substances under warm testing conditions . Canada balsam 
was selected as an alternative glue and cages constructed 
with the two different glues were compared . 
Results are shown in Table 9. 
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Table 9o Comparison of Glues using two Solvents . 
~ Mortality_ 
Glue No Solvent Acetophenone Kerosene 
Davis resin 
glue 3 27 40 
Canada balsam 0 3 3 
Clearly the cages made with Davis glue were producing 
high mortalities but only when the mites were dosed with a 
solvent. This indicated an interaction between solvent and 
glue under high temperatures (25°c in this case) . Subsequent 
enquiries from the rranuf acturer of Davis glue revealed that 
it was basically a polyvinyl aceta te polymer and if 
insuff iciently hardened, could react with a strong solvent 
to produce free acetic acid . 
Unfortunately, a further test conducted a fortnight 
later when temperatures again rose to 25- J0°C failed to 
confirm clearly the earlier results (see Table 10) . 
Table 10. Repeat Test: Comparison of Glues using two 
Solvents. 
% Mortalitv 
Glue No Solvent Acetophenone Kerosene 
Davis resin 
glue 10 3 23 
Canada balsam 2 3 10 
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It is possible that contamination of cages with the 
high concentrations of solutions necessary for testing 
resistant mites has resulted in some variation. Although 
cages were cleansed in acetone and hot soap and water and 
the filter paper renewed between tests it is possible , in 
considering the results of glue comparisons, that some 
contamination could have remained adhered to glue attached 
to the perspex washer. It would be advisable to use new 
washers for each test. 
3.2.8. Holding Time 
A comparison of 12 and 24 hour holding times did 
not show differences in control mortalities and there 
appeared to be no reason to alter the standard holding period 
of 24 hours . 
3.2.9. Double Drop Technique 
A double application technique was necessary in the 
R-strain tests with ethyl and methyl parathion and with 
methyl Gusathion. This meant that .001 pl was applied to 
each mite instead of the normal .0005 pl. To determine the 
effect of doubling the dose by doubling the amount of 
solution applied , tests were conducted comparing two drops 
of 50% and one drop of lOa;~ ethyl parathion. Fifty mites were 
treated in each case and the following mortalities were 
recorded. 
Ethyl parathion 2 drops 50/o, 84% mortality 
" n 1 drop 100'/o, 88% mortality 
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There was insufficient difference to warrant further 
testing at that stage but the whole aspect of volume effect 
could well be investigated fully. 
3.2.10. Weight of Mites 
Very large and very small adult female mites were 
not included in the tests, in order to eliminate any chance of 
possible bias. Twentyfive mites of each of the R and S-strain 
were weighed individually and the weights combined to give 
the following results. 
Overall mean, R and S-strain combined .0207 mg. 
Range of S-strain .0130-.0270 mg. 
Range of R-strain .0138-.0285 mg. 
The R and S-strain figures were combined to give a 
frequency distribution shown in Table 11. 
Table 11. Frequency Distribution: Mite Weights 
Weight mg. Number Weight mg. Number 
.0130-.0149 6 .0210-.0229 7 
.0150-.0169 4 • 0230-.0249 6 
.0170-00189 7 • 0250-. 0269 3 
.0190-.0209 11 .0270-.0289 6 
The weights of individual mites were spread over the 
whole range for both R and S-strains supporting the statement 
that the extremes in size of adult females were not used in 
the tests. The calculated mean , .0207 mg. falls in the group 
with the greatest number of mites and it was considered 
reasonable therefore to use this figure for calculation of 
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the LD50 levels reported in the following results. 
3.3. ACAf?.ICIDE TESTS 
The results of acaricide tests are presented under 
the respective acaricides thus allovring a direct comparison 
between S and R-strains. The comparative effect of 
acaricides on the S-strain are not repeated in a single table 
but are referred to in the general discussion. All test 
tables are summaries of the results of probit analysis 
(Finney 1953). Detailed figures are given in appendix 3. 
3,3.1. Parathion 
A sample of ethyl parathion was already held at the 
College when testing commenced but subsequently a new batch 
was received from Germany. The S and R-strains were tested 
with both samples, and results are reported. To distinguish 
the two samples, the first tests with the older parathion 
will be referred to as ethyl parathion (N.Z.) and the new 
parathion as ethyl parathion (Ger.). The ethyl parathion 
(N.Z.) tests employed kerosene+ 1010 xylol as solvent and 
the ethyl parathion (Ger.) had acetophenone as solvent. 
These results together with those for methyl parathion 
(solvent acetophenone) are presented in Table 12 and dosage 
mortality lines are shown in figure 3. 
Fig. 3 Dosage - Mortality Lines : Ethyl and Methyl Parathion 
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Table 12. Ethyl and Methyl Parathion Tests on 
S and R-strains of T. urticae. 
I 
Strain LD50 Fiducial Limits Slope S.1. 
mgJg b ( b) 
Ethyl arathion (Ger.) 
s .044 .036 - . 054 3.17 .48 
R 14.519 12.019 -17.535 3 .30 .51 
Ethyl Parathion (N.Z.) 
s .036 .026 - .052 2.30 .53 
R 12.969 8. 993 -HL 704 1.48 .28 
Methyl Parathion 
s .219 .169 - .283 2. 09 .3 2 
R 49.194 24 .198 - 99.981 1.36 .41 
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x2 LD~o 
ra io 
R:S 
. 898 1 
.5 24 327 
4. 773 1 
.678 356 
1.583 1 
.551 225 
Considerable difficulty was experienced in gaining 
high mortalities in the R-strain with methyl parathiono 
When 50}'o concentration would produce only 25% mortality, a 
double application technique was used to give the equivalent 
of 100% concentration. This only raised the mortality to 
31%. An attempt was made to apply the pure material by 
raising the temperature to above the melting point of 53°C 
but it solidified again in the capillary tube producing 
variable volumes and blocking of the capillary. The maximum 
concentration possible in acetophenone was found to be BC1'fe 
and the use of a double application produced a maximum 
concentration of 160~. Even this resulted in only a 45~ 
mortality. A double application technique was also necessary 
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with ethyl parathion and the R-strain. In this case, with 
ethyl parathion a liquid at normal temperatures, there was 
no difficulty in producing a 200% application . 
The results indicate a wide R : S ratio in Ln50 values 
for both ethyl and methyl parathion although the degree of 
resistance determined for ethyl parathion shows a 50% higher 
level than that for methyl parathion. 
The LD50 values for the New Zealand and Germany ethyl 
parathion do not differ for either the S or R-strains but 
the slope values are significantly higher for both strains 
with the ethyl parathion from Germany. The difference is 
surprising considering that acetophenone was used as the 
solvent in producing the steeper lines. Some reduction in 
efficiency in the older parathion is therefore indicated. 
The Ln50 values for methyl parathion are significantly 
higher than those for the ethyl preparation, indicating that 
the ethyl form is a more effective acaricide. 
Slope values for the R-strain with methyl parathion 
are lower than for the S-strain a factor which will be 
noted with Gusathion as well. 
3.3.2. Gusathion 
Two tests were conducted with ethyl Gusathion, one 
on the S-strain using kerosene + l o% xylol as the solvent 
and the other on the R-strain using acetophenone. There 
were three tests with methyl Gusathion, namely S and R tests 
Fig.4 Dosage - Mortality Lines : Ethyl and Methyl Gusathion 
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using acetophenone and a test on the S-strain ex Germany, 
also using acetophenone as solvent. 
By the time the S and R-strains arrived from Germany 
most of the S-strain tests had been completed. To determine 
if cross resistance patterns could be interpreted using the 
New Zealand S-strain data, a comparison was made between the 
New Zealand and German S-strains using methyl Gusathion as 
the test acaricide . Results of Gusathion tests are presented 
in Table 13 and dosage mortality lines are shown in figure 4. 
Table 13. 
Strain 
s 
R 
s 
R 
s 
~Ger.~ 
Ethyl and Methyl Gusathion Tests on S and R-strains 
and a Methyl Gusathion Test on the S (Ger.) strain 
of T. urticae. 
L~o Fiducial Limits Slope S.E . x2 LDtO m g b ( b) ra io 
R : S 
Ethyl Gusathion 
. 0034 .0028 - • 0043 2.84 .45 2.568 1 
. 629 .408 - .970 1.20 .23 1.389 182 
Methyl Gusathion 
.028 .019 - .042 1.58 .24 13 .432 1 
3.871 . 857 -17.494 . 88 .15 1.391 136 
.019 0014 - .025 2.08 . 32 1.97 
The results indicate that ethyl Gusathion is the more 
effective acaricide and that a higher R : S ratio occurs with 
the ethyl form. Again the R-strain shows a lower slope value. 
Fig.5 
Prob it 
Mortality 
7.0 
6JJ 
5.0 
'4.0 
Dosage - Mortality Lines : Kelthane 
T. urticae S. and R. strains .,. 
Mortality 
99 
95 
90 
80 
70 
50 
30 
20 
10 
5 
3.~~~-'-~~~~~------~~~~-'-~~~~~-'-~~~~~-'-~~~~~-'-~~~~~__._~~~ 
2.0 2.5 3.0 3.5 4.0 4.5 5.0 
Log . Conc12ntration mg/I. 
• 
110. 
Methyl Gusathion proved to be an extremely difficult 
material to test. In spite of seven concentrations , the 
points for the S-strain regression line were very scattered 
resulting in a high JC 2 value. The R-strain test also 
proved difficult . A 5Q?fa concentration solution of methyl 
parathion in acetophenone failed to produce sufficient 
mortality and a double application was necessary to produce 
a 100% concentration. A dilution rate of 4 times was used 
(instead of the normal halving of concentration) and seven 
concentrations used to cover the full mortality range . As 
a result the slope of the methyl Gusathion R line at 
b = .88 was the lowest of the 19 regression lines determined 
and reflects the poor acaricidal power of the material 
against the R-strain. 
The methyl Gusathion test on the S (German) stra in 
was less difficult . Although the slope velue was higher 
and the Ln50 lower than the S (N. Z.) strain the figures were 
not significantly different. Nevertheless they suggest 
that the S (German) strain is more homogeneous . 
3o3.3. Kelthane 
Kerosene was the solvent used in both the S and R 
strain tests with Kelthane . Results are presented in 
Table 14 and dosage mortality lines in figure 5. 
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Table 14. Kelthane Tests on S & R-strains of T. urticae. 
Strain LDJo Fiducial Slope S.E. x2 LD~o mg g Limits b ( b) ra io 
R ; S 
s .051 .039-.068 2.33 .39 2.526 1 
R .045 • 035-. 057 2of.n 046 .514 .9 
I I 
The figuresfor both lines are similar, indicating 
that Systox resistance does not result in cross resistance 
I 
to Kelthaneo Mites killed with Kelthane remained very life-
like in appearance and had to be touched with a dissecting 
needle to determine mortality. 
3.3.4. Morocide 
Acetophenone proved an effective solvent for iorocide. 
Results are presented in Table 15 and dosage mortality lines 
in figure 6. 
Table 15~ Morocide Tests on S & R-strains of T. urticae. 
Strain LDJo Fiducial Slope S. E. x2 LD50 
mg g Limits b (b} ratio 
R : s 
s .076 .060-.097 2o59 046 .669 1 
R .193 .148-.349 2.65 .42 1.196 2.5 
Slope values in this case are almost identical but the 
regression line for the R-strain is to the right of the 
S-strain to the extent of a 2~ times increase in dosage. 
This indicates a "vigour tolerance" difference. 
Fig. 6 Dosage - Mortality Lines : Morocide 
T. urticacz S. and R. strains 
Prob it · 1. 
Mortality Mortality 
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Mites killed with orocide were also characteristic 
in appearance. The action of Morocide appeared to be rapid 
and mites adopted a "statue-like" appearance on death with 
the legs usually extended. 
3.3.5. Mesurol 
As already explained under section 3.1., anisole was 
used for the Mesurol S-strain test but acetophenone was 
selected for the R-strain. Although this could have created 
some variability it would not ha ve been sufficient to alter 
the significance of the results as shown in Table 16 0 
Dosage-mortality lines a re presented in figure 7. 
Table 16. Mesurol Tests on S & R-strains of T. urticae. 
Strain ~~ Fiducial Slope S.Eo x2 LDf o Limits b (b) ra io 
R . s . 
s .042 .034-.051 3.34 056 1.253 1 
R 0300 .197-.456 1.27 .21 4.103 7o2 
There is a marked difference in slope between the two 
lines indic a ting heterogeneity of the R-strain to ~esurol. 
The LD50 R : S ratio is just over 7, suggesting some limited 
degree of cross resistance. Morta lity in the Mesurol R-strain 
test wa s extremely difficult to determine. ~ny mites were 
moribund and would move their legs vigorously when encouraged 
by a dissecting needle but woul d not move forward. Others 
would move forward slightly but have little control over 
their movements. S-strain mites also showed excitation symptoms 
Fig. 7 Dosage - Mortality Lines Mesurol 
Prob it I ucii~a~ S.and R. strains 
Mortoility •/o 
Mortality 
99 
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but were more clearly moribund and near to death. 
J.J.6. Cyclic Carbonates 
Both Eradex and Morestan proved very difficult 
materials to dissolve. Because they reacted in a similar 
manner to all tests the results are to be presented 
together. 
Using anisole a s the most likely solvent the maximum 
concentration obtained with Eradex was . 5~ and with esurol 
1%. relimina ry tests produced the following results. 
orestan l~~ sol. 30 mites dosed, 17% mortality . 
Eradex • 5% " n " n 3r; n 
Anisole " n ff 3% ti 
These results indic a ted tha t a solution of higher 
concentration was needed. Using an acetophenone + la;~ 
dioxane mixture a 1% Eradex solution was obtained but 
Morestan could not be increased further than 1%0 The double 
drop technique was used to produce a 2% concentration and 
holding period was also increased for some cages in an 
effort to obtain greater mortality . 
Results are given in Table 17 . 
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Table 17. Preliminary Eradex and Morestan Tests on 
the S-strain of T. urticae. 
Material Concentration Number Inspection % % Treated Time Hrs. Mortality 
Eradex 2 JO 24 20 
Eradex 1 JO 24 20 
Eradex 1 JO 48 27 
Er ad ex 1 JO 72 6J 
Mores tan 2 JO 24 20 
Mores tan 1 JO 24 20 
.lVIorestan 1 JO 48 J7 
Mores tan 1 30 72 60 
Acetophenone 2 drops 30 24 0 
cetophenone 2 drops JO 48 7 
Acetophenone 2 drops 30 72 47 
are:-
The only conclusions to be drawn from these results 
(i) Increase in concentration did not 
increase mortality . 
(ii) Increase in holding time from 24-48 hours 
increased orestan mortality slightly but 
did not markedly affect Eradex mortality. 
(iii) Control mortality showed a decided increase 
when holding time was extended to 72 hours. 
This meant that increases in Eradex and 
11orestan had to be discounted with the 
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increased holding period . 
Treated mites , particularly those treated with 
Mores tan, consistently showed less ac·ti vi ty than the 
control miteso As holding time increased, activity 
decreased but although mites appeared moribund, they would 
definitely move with prodding . The impression gained was 
that both Morestan and particularly Eradex, have a very slow 
toxic action . 
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CHAPTER 4 
DISCUSSION 
There are several aspects of this work which warrant 
further discussion and the purpose of this general discussion 
is to comment on the results as a whole o The toxicity of the 
various acaricides to the susceptible strain is a separcte 
issue from their toxicity to a Systox resistant strctin ~nd to 
the cross resistance exhibited within similar chemical groups 
or between groups . ht the same time, acaricide toxicity to a 
susceptible strain appears to bear a relationship to its 
toxicity to a resistant strain as me a sured by degree of 
resistance. There is also a rrarked difference in slope between 
lines and this requires further explanation . In interpreting 
slope the question of variability arises and hence there is a 
need to investigate acaricide toxicity to various mite str::iins 
and to compare techniques producing variability in slope . The 
topicdl a pplic3. ti on method of bioassay also warrants discussion 
from several points of view; the ease of opera ti on , the accuracy 
and repeatability of results , its value for screening &c ricides 
and its suitability for resistance studies . In this chapter 
the acaricide tests will be discussed first in order to provide 
a basis for evaluation of the technique o 
Since much of the discussion will be conc erned with the 
dosage mortality lines it must be made clear what information 
can be taken from them . The two main proper ties of a dosage 
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mortality line are: 
1. The line or some portion of it , such as the 10
50
, is the 
only quantitative mea. sure by which mite susceptibility to an 
acaricide can be reli ably determined . 
2. When dos ag e is expressed logarithmic ally and mortality in 
probits the slope of the ld-p line is a measure of the 
variability of the popula tion. 
4 .1. SLOPE OF LD-P LINES 
By definition the slope (b) is the reciprocal of the 
standA.rd devia tion of mortality about the mean for the dosage 
covered. This means it is the reciproca l of the square root 
of the variance which is the me asure most widely used by 
geneticists to express variability in any heritable property . 
In the case of the test s conducted in this thesis it is 
variability in respons e to an ac aricide . If the slope is steep , 
as it is in the ethyl par~thion (Ger o) tests for both S and R 
populations (Table 12 ) it me ans tha t a slight cha ng e in dosage 
causes a l a r ge ch::mge in mortality . If the ld- p line has a 
very low slope va lue, such a s methyl Gus athion for the R- strain 
(Table 13), the mites vary more in their reaction and a 
compar i:t tively 1.-l r ge chang e in dos age is necessary for a small 
increase in mortality . Hansen et al . (1963} in selecting 
stra ins for cross resistance studies have shown clearly that 
all of their stra ins of T0 urticae exhibited low slope values 
initially, suggesting tha t the strains were heterogeneous · 
notic ea bl e change in response was noted when they were selected 
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with organo-phosphates as demonstrated by the slope values 
they obtained for parAthion . The slope before selection was 
b=.89 and after selection b=3.J68. 
J'i. comparison of slopes obtained for the 0 and S(Ger.) 
strains using methyl Gusathion as the test acaricide (Table 13} 
supports the work of Hansen~ al. The S(Ger . } strain subjected 
to selection with Systox once every 2-3 months has been 
maintained homozygous in nature, whereas the New Zealand 
susceptible population contains considerable variation. It 
is interesting to note though, from the work of Hansen et al. -- ' 
that the heterogeneity of a pre-selection population vas 
reflected only in response to organo-phosphates and not 
materials such as Kelthane and Aramite . This is also supported 
by the Kelthane and Morocide results in this thesis (Tables 14 
& 15). Comparing the more heterogeneous S-strain with the 
Systox selected homogeneous R-strain, the slope values for both 
the R and S-strain tests of Kelthane and Moro cide do not differ 
significantly. Hoskins and Gordon (1962) point out that unless 
a R-strain is subjected to intense selection pressure to select 
homozygous resistdnt mites, then the slope for the resistant 
population will always be lower than the slope of the ld-p line 
for the susceptible strain. Again this is supported by results 
of this work where the slope of the methyl parathion, ethyl and 
methyl Gusathion and Mesurol S-strain lines, are all steeper 
than the corresponding R-strain lines. The fa ct that the ethyl 
parathion R-strain line does not differ in slope from the 
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S-strain suggests homozygosity of the R-strdin to ethyl 
parathion . This point will be further discussed under the 
consideration of cross resistance . 
It must be stressed that the variability found in 
acaricide testing is not due solely to the mites but also 
includes unintended variations in dosage . This raises the 
question of methods of application which will be discussed in 
more detail later . An example from the work of ldefrawi et al . 
(1965) shows that applicdtion method can cause a variation in 
slope value. They consistently indicated greater efficiency and 
standardisation with the slide dip method than with tho leaf 
spray method. An example in this thesis of variability in 
efficiency is shown in the solvent comparison reported in Table 
2. In this case acetophenone as the solvent for ethyl Gusathion 
gctve a slope value of b=2.40, when tested on the S- strain of 
! · urticae , com})3red with kerosene b=3o96 , with the same acaricide 
and straine The lower slope here indicates a reduced efficiency 
of ethyl Gusathion w:i. th acetophenone. 
Another example of possible reduced efficiency is seen in 
the slope values of the ethyl p~rathion imported from Germany , 
compared with the older ethyl para.thion already held in New 
L:ealand when testing commenced . This is reflected in both the 
S- strain tests, b=J.17 for the German sample , compared with 
b=2 . JO for the New Ze8.land sample and particularly the R-strain 
tests b=3.JO and 1.48 respectively (Taole 12) . It can only be 
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said that reduced efficiency is ''possible tr without offering 
an explanation. Theoretically , if the amount of actual p~rathion 
in the older sample had been reduced by chemic;il breakdo with 
no other change, then the LD50 would be higher for the New 
Zealand sample with no change in slope 0 
nother illustration of reduced efficiency reflected in 
the slope values is seen in the ethyl and methyl parathion and 
ethyl and methyl Gusathion comparison for both the R and S 
str3ins, (Tables 12 & 13) o In each case the methyl preparation 
has a lo-vrnr slope value . These materials will be discussed 
further in the next section . 
4. 2. CQl\iP AR TIV TO.i1..IC ITY O.tt AC~B.ICID.SS TO THE S- ST'1., IN 
Ivfost of the acaricide screening tests conducted through -
out the world have consisted of application of a r:i.nge of 
acaricides to a mite population in its natural habitat and 
subsequent observation of any v rri a tion in population density. 
This allows the commercial potential of the material to be 
assessed on all st~ges of mites by systemic and cont ~ct ~ction 
and to determine its residual effect. However , the comp8.rison 
of acaricides in this work has been by contact on adult female 
mites only ;:ind with toxicity determined after a stand rd time of 
24 hours . In discus sing the toxicity of acaricides t her '"' fore, 
it would be incorrect to say th~t one acaricide is better for 
mite control than another. What can be said is th .t one 
acaricide has a lower LD
50 
va lue than another, 'l s determined by 
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contact action on adults and assessed 24 hours after application . 
4.2.l. The Organo-phosphates 
As a contact acaricide ethyl porathion is clearly more 
effective than the homologous, dimethyl ester . The 1n
50 
ratio 
of the ethyl : methyl esters is approximately 1 : 5. Similarly 
the ethyl ester of Gusathion is the more effective acaricide but 
in this c2se the ethyl -methyl LD50 ratio is wider, approximately 
1 : 8. Schrader (1952) originally recognised that ethyl 
parathion was the most active ester and that any change in its 
constitution lowered its insecticidal and acaricidal toxicity . 
Ethyl parathion is the material in general use, under the common 
name parathion. Numerous other workers hqve also compared the two 
parathion esters with the same conclusi8ns on a range of mite 
species. For instence , recently Eldefrawi et al . (1965) recorded 
an ethyl - methyl parathion ratio of 1 : 7 with a slide dip 
method and Lippold (19bl) a 1 : 2 ratio with a leaf dip method . 
The methyl ester of Gusathion is the material in normal commercial 
use under the common names nausathion° or "Guthion 11 • 
UnterstenhBfer (1961) clearly recognises that the ethyl ester 
has a stronger acaricidal action but he records that the methyl 
ester is more toxic to a wide range of insects . He suggests 
that Gusathion (methyl ester) is as effective as parathion 
(ethyl ester) against mites, but from the figures recorded in 
this thesis the LD5o ratio of ethyl parathion to ffiethyl 
Gusathion is approximately 2 : l (T ri.bles 12 & 13) • er haps 
the field efficacy of methyl Gusathion is enhanced by its greater 
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residual effect. On the other hand, ethyl Gusathion h s an 
LD50 of .0034 mg/g compa red with that of ethyl parathion of 
,044 mg/g, a difference factor in favour of ethyl Gusathion of 
almost 13 times. 
4.2.2. Kelthane, Morocide & 1 esurol 
It is difficult to discuss the comparative effectiveness 
of the non-phosphorus a car icides against the 8-strc:iin mites for 
very little precise information has been published on these 
materials which is not rel ated to resistance. Results of the 
topical applic ation work indicate that there is very little 
difference in LD50 values between the three materials although 
Mesurol is significantly different from Morocide at the 95fa 
confidence level. It is interesting to note too, that Mesurol 
with a lower LD50 value, has the highest slope. Both Kelthane 
and Morocide are known to act on imma ture stages and eggs , a s 
well as adults, so tha t their effect in the field could be greater 
than indicated by the laboratory tests . A wide ra ge of workers 
screening acaricides in field and laboratory have consistently 
named Kelthane as the most effective acaricide (e . g . Mailloux 
and vorrison 1960, Jefferson and Morishita 1956) . The method of 
kill observed in Morocide, la ck of movement giving a "statue-
like" appearance, is quite distinct and apparently more r apid 
than the kill with Kelthane and particularly Mesurol . Such a 
difference in speed of action, which was also observed by Emmel 
(1960) could indicate higher rela.tive LD50 values for esurol and 
Kelthane than would be obtained under longer test conditions . 
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4.2.3. Eradex & Morestan 
The failure of laboratory tests to produce significant 
mortality in T. telarius as measured 24 and 48 hours after 
treatment (Table 17), does not mean that Eradex and orestan are 
ineffective acaricides. The impression gained from the tests 
t hat Morestan and particularly Eradex have a slow toxic action 
on adult mites, is substantiated by UnterstenhBfer (1960) and 
Sasse (1960), (see page 37). The maximum possible 1% 
concentration of Eradex used in this thesis to produce 27% 
mortality, compares unfavourably with the Eradex LD 95 level of 
only .Ol~ suggested by Unterstenh8fer (1960) and the 50'7~ 
mortality recorded by Jeppson et al. (1963} with 1% concentration . 
On the other hand Ascher and Cwilich (1960) also found poor kills 
with Eradex in Jaboratory tests . It is obvious from the 
literature that both Morestan and Eradex perform much better 
under field conditions. They appear to have a different mode of 
action from the other specific acaricides and could have a 
valuable place in combating resistance. It would be interesting 
to develop a laboratory method to hold mites for a longer post 
treatment period to en able more detailed study of Morestcin and 
Er ad ex. 
4.3. CROSS R~SISTANCE 
4.3.1. Level of Resistance 
The level of resistance developed to a given acaricidc is 
clearly related to the efficacy of the material on susceptible 
strains as indicated by the parathion and Gusathion tests . The 
R:S strain ratio for ethyl parathion of 327 is almost 507° higher 
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than the R : S strain methyl par athion r atio of 225 • imilarly 
the ethyl Gusathion ester, with the lower S-strain Ln
50
, has a 
higher R : S r atio tha n the methyl ester, namely 182 compared 
with 136, an increase of 34%0 This supports the conclusions of 
Voss et al. (1964) who used malathion ;-, nd various carboxyester 
substituents to show tha t high toxicity to the susceptible 
strain is linked with a higher level of resistance . t the 
same time it must be recognised that this holds true only for 
closely relat ed compounds even within the same chemical group
0 
If ethyl pci.r athion is compared with ethyl Gusathion , ethyl 
parathion is found to have the higher R : S ratio although ethyl 
Gusathion has the lower LD500 On the other hand, it is possible 
that further selection of the Systox resistant strain with ethyl 
Gusathion could ultimately produce a resistant population 
homozygous towards Gusathion, with a higher R : S ratio than 
ethyl parathion. No other example is possible from the non 
organo- phosphorus chemic als tested . 
4.3.2o Organo- phospha tes 
IVIany workers ha ve compa red cross resistance patterns 
within the organo-phosphorus group and although all recognise 
that cross resist ance within the group exists ne arly all agree 
tha t the level of resistance varies , (see pages 26-29) • 'l'wo 
examples will suffice to support the results reported in this 
thesis. Jeppson (1963} found an R : S ratio of 5 times to 
Gusathion and 1,000 times to par athion, in a parathion selected 
strr in, but 42 times to Gusathion and 90 times to parathion' in 
an ethion selected stra in. 
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Bravenboer and Theune found an R : S strain LD50 ratio of 
only 2 to Gusathion and 50 to parathion, in a parathion 
selected strain. In the case of the Systox resi'stant 1 popu ation 
under test in this thesis, the methyl Gusathion ester (used 
in the other two examples quoted) has an R : s Ln50 ratio of 
136 compared with ethyl parathion of 327. Even the more 
effective acaricide ethyl Gusathion, has a much lower resistance 
ratio of 182 compared with the 327 for parathion. Clearly cross 
resistance exists between the organo-phosphorus compounds but 
the degree of cross resistance varies. As far as can be 
ascertained nobody has yet been able to relate chemical structure 
of the phosphates to resistance levels and mode of action. 
Although Helle (1962) claims that organo-phosphorus resistance 
in!· urticae is controlled by a single dominant gene, Dittrich 
(1963) recognises the presence of multiple minor genes 
associated with resistance. The differences in cross resistance 
within the organo-phosphorus group support the theory of 
Dittrich. Although one dominant gene may be involved in a 
homozygous Systox resistant population, other factors, genetic 
or otherwise, may be involved in the same population towards 
Gusathion. However, should the Systox resistant population 
be subjected to selection with Gusathion, it may rapidly become 
homozygous in nature towards Gusathion as well. 
4.J.J. Carbamates 
As some degree of cross resistance has been demonstrated 
in this work to Mesurol it is appropriate to discuss these 
results following those of the organo-phosphates. It seems 
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quite clear that there is some rela tionship bet\een the mode 
of action of the organo- phosph8tes and the c~rbamates althou
0
h 
the exact relationship between various carbamates and v rious 
orgcno- phosphates is still confused . Hoskinsand agasa a (l
9
ol) 
and Smissaert (1961) all recognise that both the organo- phos hates 
and the C d rb~mates are involved in inhibiting the normal 
activity of cholinesterase and other esterases . Jeppson (1963) 
has promised to re.ort at a later date details of cross resistance 
of a parathion resista.nt stra.in of P. citri to Zectran . The 
7 fold increase in resistance of the R- strain found in the work 
reported in this thesis is clear evidence also of this cross 
resistance patterno The significant decrease in slope for the 
R-strain (Table 16) is further evidence that some degree of 
cross resistance is involved .. 
4.3.4. Organo-chlorines 
~he test example of the organo-chlorine group , namely 
Kelthane, has behaved exactly as was expected . There is no 
significa.n t difference in the LD50 levels of the S and R- strains 
(Table 14) . Although the difference in slope does not reach 
significance at the 951~ level the more homozygous R- strain has a 
slightly higher slope value . This reldtionship is largely in 
agreement with Jeppson (1963) and Hrinsen et al . (1963) . However 
Hansen .il al. suggest t hat selection with parathion will raise 
the LC50 of Kelthane slightly (1 . 8 times) and conversely 
selection with Kelth one will r nise the LC50 of parathion 55 
times . The difference between their results and the results 
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reported here , is probably due to the homozygous nature of the 
Leverkusen R- strain used in this work . A · d wi e range of field 
workers report good control of organo- phosphorus resistant mites 
with Kelthane and it can be safely concluded that there is 
no cross resistance to Kelthane and probably the organo- chlorine 
group as a whole . 
4.3.5 . Dinitrophenyls 
The almost parallel lines of the R and S- strain tests 
for Morocide and the movement of the R line to give an increase 
in LD50 of approximately 2~ times, is in almost complete 
agreement with the resistance induction achieved by Aller and 
Lippold (1963). In their ccise however , the selection was made 
with 14 applications of J.Vlorocide itself , using an organo-
phosphorus susceptible strain . This resulted in a resist~nce 
level of X2. It is possible that the two results could be 
related, for whether the selection is with an organo- phosphorus 
compound or a dinitrophenyl compound, it could result in a 
greater tolerance level through elimination of the weaker 
individuals in the populationo It appears certain that there 
is no true cross resistance between the organo- phosphorus and 
dinitrophenyl compounds and, from observation of the method of 
death, that compounds in the two chemical groups have a 
different mode of ri.ctiono 
4.4 . TOPICAL AP LICr.TION TECHNI~UES 
Precise evaluation of the effect of a chemical upon a 
living insect or mite is best made on the amount which actually 
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reaches the tissues of the insect or mite as may be the case 
When Che micals are inJ·ected. Th1·s of c · ourse is not practical 
on a large scale and the more usual method of exposure is in 
terms of concentration of chemical in a spr.g_y or concentration 
of dip solution. These methods allow determination of lethal 
concentrations, expressed as LC50 or Lc95 values , but only the 
topical application method can apply a precise dose to a 
measurable area of cuticle or mite weight . This then is the 
major adv<lntage of the topical application method, the accurate 
determination of a lethal dose in terms of body weight , mg/ g 
in this case. The high degree of precision and replicability 
is unquestionable. Evidence of replicability , can be seen in 
several instances in the results . A comparison of the LD 5o, s 
for ethyl Gusathion obtained in the normal S- strain test and 
the S- strain solvent comparison in both cases using kerosene 2 
show no difference (Tables 2 & 13) . The ethyl parathion tests 
also show good replicability in LD 5o levels although the slope 
values ::i.re lower with the older ethyl parathion . The expected 
close similarity of the Kelthane R and S- strain lines is , in 
itself, an indication of precision and this is supported by the 
percent mortalities obtained in the solvent comparison , using 
Kelthane as the b~sis, the R-strain of mites and with kerosene 
as the solvent . Using the expected LD50 level of .15/o 
concentration, the mortality obtained was 46% 0 Although the 
topical application method can be precise , the solvent 
comparison emphasises that it can also vary very markedly . 
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4 . 4 . 1. Solvents 
lthough l8rge insects can be rapidly and accurately dosed 
with a microburette the use of a micro- pipette for application of 
very small volumes, in the vicinity of . 0005 µl , creates many 
difficulties. One of the major difficulties encountered in this 
work, namely the choice of solvent, has still not been solved 
with complete satisfaction, particularly when high concentrations 
are needed for resistant strains. It was also difficult to 
select solvents which v·rould allow precise application of the 
predetermined volume without showing undue volatility . Of the 
promising solvents tested only acetophenone has a boiling point 
above 260°c, the limit set by Hadaway and Barlow (1958) as being 
suitable for topical appli cation work, although their figure 
is based more on filter paper tests than capillary tube work. 
The minimum boiling point range found limiting in this work was 
120-125°C provided testing temperatures were below 20°c . ny 
increase in testing temperature to the 25 -J0°C level eliminated 
materials such as methoxy ethanol (B.P.123 -125°C) mesityl oxide 
(B.P.125-1320C) and made anisole (B . 1-' . 152-156°c) marginal . At 
the other end of the scale Hadaway and Barlow ( 1958) suggest 
that the solvent freezing point must be less than 25°C . 
cetophenone with a freezing point of 18- 20°C fulfills this 
requirement. Although Hadaway and Barlow (1958) claim marked 
differences in penetration of the insect cuticle with various 
solvents there is little doubt that the differences in efficacy 
of acaricides in various solvents observed in this thesis is due 
mainly to the physical properties of the solvents • cetophenoneand 
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benzyl alcohol both showed very poor wetting power and 
acetophenone in particular, would not spread and dry readily 
before the mite was placed in the holding cage. 
Just as Busvine (1951), recognised the possibility of 
error in topical applications of acetone and water being brushed 
off by the insect, so too is it possible that some acetophenone 
would be lost before drying. That a variation such as this is 
taking place, is supported by the comparison of acetophenone 
and kerosene, using ethyl Gusathion and the S-strain of 
1· urticae. In this case, the LD50 of ethyl Gusathion with 
kerosene, is only half that of the acetophenone solution and, 
as explained earlier, the lower slope of the acetophenone test 
indicates greater variability in the testing techniques. The 
possibility of adding wetting agents to acetophenone solutions 
has not been investigated in any detai~ and could well prove 
an interesting field of study. A warm stream of air, as 
recommended by Harrison (1961), may also be valuable to dry the 
mites before placing them in the holding cages. 
The reason for the higher mortalities induced by phenetole 
and kerosene is still in doubt but both appeared to spread 
rapidly over the mite cuticle and did not give volatility 
trouble. Whether or not the solvents tested have affected the 
rate of penetration through the mite cuticle is also not clear 
and this point warrants further investigation. Further screening 
of solvents for their suitability in acaricide, topical 
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application testing could well prove very important in 
standardising the technique for critical laboratory work. 
Comparative Evaluation of the Topical 
Application Method 
The advantages given by Metcalf (1958) for the topical 
application method, are a good basis on which to develop the 
discussion. His first point that the method gives a high 
degree of precision and replicability has already been covered 
by reference to the test results. However, when using the 
method on such small animals as mites, standardisation of the 
technique is most important if precision is to be achieved. 
With such small volumes as .0005 µl per dose, any slight 
variation in this dose could lead to wide variation in the 
results. But as Harrison (1961) has pointed out, the variation 
in dosage delivered from the capillary tube is relat ively 
small (coefficient of variation 18%). Whether or not the 
double drop technique for increasing the dose in testing of 
resistance strains is liable to give error, is still a 
questionable one. Results of limited tests conducted in this 
work with double volume application indicate so far thatthe 
error, if any, is not great. In dealing with high concentrations 
of acaricides the possibility of contamination cannot be 
ignored, for minute quantities of high concentration solution 
used against an R-strain, could cause 10~ mortality in a 
subsequent test with the S-strain. Strict hygiene and regular, 
careful cleaning of equipment is extremely important. In view 
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of the occasional variability of control mortalities in this 
work and the vc.riation in results with two different 
glues , 
it would be sound r-racti ce to use Canada balsam as the;; glue 
in any future testing and to use new holding cages for each 
test. Both etcalf (1958) and Yun (1960) are adamant on 
strict hygiene ciS well o 
factor which h~s been considered to only a very 
limited extent in this work is temperature . Unless well 
controlled temper· A ture and humidity conditions are avBilable 
pre, during and after testing, then some variability in 
results is bound to occuro This is one of the important 
advantages claimed for the slide dip method of Voss (1963) 
and sup_orted by Dittrich (1962). It is interesting to note 
that mites survived for at least 4 days on slides without 
food in Voss' work but in a cage on a leaf it is difficult to 
hold the mites for as long as 3 days without high control 
mortalities. Wheth€r or not this variation between methods 
is due to holding conditions is not clear but in any case, loss 
(1963) has clearly shown, that results vary markedly with hold-
ing temperature Flnd the results of the work reported in this 
thesis indicate that high humidity, particularly when holding 
cages are pinned to the lower leaf surface, can also result in 
high n2tural mortalities. Even with the method of holding 
treated mites on bean plants, it would appear importan~ to 
standardise conditions of temperature and humidity . There are 
many other ways in which variability can be induced but workers 
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are in general agreement that when carefully standardised 
and with careful handling of the mites , the topical a plicat-
ion test method gives the least variability of any method . 
The next point made by lYletcalf ( 1958) on the small 
number of mites required per replication to give uniform 
results, is a valid one. 1v1orrison and l\lailloux (1964) , using 
a spray method, needed 1,500 mites per test but the numbers 
required per topical appli cation test are generally not greater 
than 200 and may be as low as 150 . Good evidence of this is 
seen in the comparat ively low x2 figures determined in the 
probit analyses where 14 of the 19 tests had a x 2 figure of 
less than 2.0, and only one, that of methyl Gusathion on the 
S-strain, was high enough to approach significant heterogeneity Q 
Metcalf' s points on the simple and inexpensive equipment 
and the very small amounts of chemical needed are certainly 
valid points in favour of the topical application technique 
although neither the slide dip nor leaf dip method require 
expensive equipmento 
However, his point that a large number of tests can be 
made in a relatively short time warrants further discussion ° 
Once a topic.:i.l application method is stand.q rdised for one 
acaricide in terms of concentrations and solvents, then a test 
can be completed in a matter of 3-4 hours continuous and exact-
ing work . On the other hand it would be poss i ble to conduct 
a similar test by the slide dip method in approximately 1 hour 
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imd the effect of several strains of mites could be compared 
at the same time on the one slide . For instance, comparison 
of the R and S-strain could be conducted at the same time under 
the same conditions so that the solutions used would be 
identical for both strains . Of course, if the two strains 
reacted differently then higher concentrations would be p epared 
for further testing. The time factor involved in solvent 
selection would not be as great with the slide dip method and 
comparative toxicity of acaricides could be determined in a 
much shorter period than with the topical application method. 
In comparative cross resistance work, the slide dip method 
would also appear to have an advantage . 
The key word in this comparison with the slide dip method 
has been "comparative". Should compc:irative toxicities be 
required then the slide dip would be less time consuming . On 
the other hand should accurate quantitative determination be 
required, then the topical application method is the only 
suitable one . But both these methods determine only contact 
toxicity on adults . Should other determinations be necessary, 
such as residual or systemic effect of the acaricide, or its 
effect as an ovicide or larvacide, then the leaf dip or ledf 
spray methods would have to be used. 
A careful laboratory comparison between the leaf spray, 
slide dip and topical application methods of acaricide testing 
Would b t Subsequently an attempt should e a worthwhile projec • 
be made to standardise test procedures so that results obtained 
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in various parts of the world could be compared with confidence . 
Such standardisation would not only facilitate accurate screen-
ing of acaricides but would pave the way for precise resistance 
and genetical studies so that the pr oblem of resistance could 
be handled in the laboratory , before it develops in the field . 
It Fould seem th-:tt there is an adequate range of chemic<>lly 
unrelated acaricldes available which if used with some pur pose , 
based on precise labcratory determination , would be adequate 
to combat resistance problems in the field indef i nitely . I t 
is quite clear that 'lCcurate laboratory testing of ac'i.ricides 
under carefully controlled conditions can provide a sound 
basis on which to develop final testing under- f i eld conditions . 
This would save a tremendous amount of the effort at present 
being expended, on time consuming and sometimes inaccurate and 
non- quAntitative field determination, of ecaricide performance 
and resistance spectra . 
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CHAPTER 5 
CvNCLUSIONS 
1. The topical applicBtion method of determining acaricide 
toxicity levels gives A high degree of precision and replic-
ability but it is time consuming and exacting . It can only 
be used to determine contact toxicity ~nd for this reason it 
may not give a true comp~rison of potential field ac~ricidal 
activity , particularly if acaricides are known to act on 
different stages and have different residual properties . 
2. The slope of the ld-p line in any test is a measure of 
the variability in response of the mite population plus the 
VBriability in uptake of the acaricide . 
Variation in the dosage-mortality line can be caused by the 
acaricide solvent used. v1hile physical properties of the 
solvent play the major pQrt in creating veriation there are 
possibly vqriations in penetrability of acaricides in various 
solvents to be taken into account . Finding a suitable solvent 
can be a limiting factor in topical applicatio~acaricide work 
when resistant strains are involved . 
3. The ethyl esters of both parathion and Gusathion are more 
effective acaricides than the methyl esters . 
4. Variations in mode of action resulting in variations in 
killing time, make it difficult to compare the efficRcy of 
specific acaricides, especially those within different 
chemical groups. 
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5• With chemically related materials , such as ethyl and 
methyl parathion, the level of resistance is determined by 
the toxicity of the material to the susceptible str~ in . High 
toxicity to the susceptible strain leads to high levels of 
resistance. 
6. The carbamate acaricides Appear to have a limited de~ree 
0 
of cross resistance to the organo-phosphorus group . This may 
indicate a related mode of action . 
7. There is no evidence of cross resistance of organo-
Dhosphorus resistant mites to Kelthane but a cross tolerance 
effect is evident with Morocide . 
8. No conclusions are possible with the cyclic carbonates due 
to their unsuitability for testing with the topic al application 
method. The mode of action of both Eradex and l\1orestan appears 
to be very slow. 
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SUMMARY 
1• The widespread reports of resistance of members of the 
order Acarina to an increasing number of acaricides and the 
relative lack of quantitative assessment of acaricide toxicity 
and cross resistance spectra, prompted a comparative study of 
acaricides selected from a number of unrelated chemical groups. 
2. The acaricide groups represented were, (a) organo-phosphates 
(ethyl and methyl parathion and ethyl and methyl Gusathion), 
(b) organo~chlorines (Kelthane), (c) dinitrophenyls (Morocide), 
(d) carbamates (Mesurol) and (e) cyclic carbonates (Morestan 
and Eradex) • 
3. In the evaluation of acaricide toxicity, a New Zealand 
susceptible strain of Tetranychus urticae Koch was compared 
with a Systox resistant strain of the same species imported 
from Germany and on one occasion a German susceptible 
population was also tested. 
4. Acaricide toxicity was determined quantitatively by 
topically applying measured doses to individual mites over a 
range of concentrations and observing mortality after a 24 hour 
holding period. 
5. Log dosage - probit mortality regression lines were 
calculated and the LD50 and slope values used for comparison 
of acaricide toxicity. 
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6. Acaricide comparisons with the susceptible strain 
indicated that the ethyl esters of both parathion and Gusathion 
had lower LD50 values than the methyl esters , the Ln 50 ratios 
of ethyl to methyl being 1 5 and 1 : 8 respectively . thyl 
Gusathion was the most toxic acaricido of the four organo-
phosphorus compounds tested, having an LD 5o level of . 0034 mg/g 
compared with that of the least toxic, methyl parathion, of 
. 219 mg/ g . 
Susceptible strain LD50 levels of Mesurol ( . 042 mg/g) , 
Kelthane ( . 051 mg/g) and Morocide ( . 076 mg/g) indicated only 
slight differences in contact toxicity . Only the Morocide -
Mesurol comparison reaches significant difference . •Iorestan 
and Eradex showed no contact toxicity over the test period 
but subsequent investigations indicated that their acaricidal 
action may be slow. 
7. Determination of acaricide toxicity to the Systox- resistant 
strain enabled investiga tion of cross resistance . The 
resistant stra in showed a high level of cross resist2nce to 
ethyl par;::..._ thion, 3 00 times, a.nd rnethyl parathion , 225 times , 
but a lower level of cross resist&nce to ethyl Gusathion , 182 
times and methyl Gus2 thion , 136 times . The carbamate , Mesurol, 
rilso showed a limited degree of cross resistance , 7 times • 
Parallel ~orocide resistant and susceptible dosage-mortality 
regression lines, but a 2! times increase in LD50 level for 
the resistant strain indicated a vigour tolerance difference 
' 
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in susceptibility. Kelthane resistant and succeptible strain 
1n50 levels did not differ . 
8. Variation in regression line slope values between 
resistant and susceptible strain tests indic ted Vdriation 
in response within strains to the organo- phosphates and iesurol , 
with the resistant strain in each c,::i.se having the lower slope . 
9. Investigation of a range of solvents for topical applicstion 
tests indicated th2t the choice was limited by toxicity , 
volatility and solvent power . Acetophenone and anisole proved 
useful solvents but a cetophenone a_Jpeared to have poor wetting 
power . 
10 . The topical applic.-:ition technique is discussed and sho m 
to h9ve a number of ~dvantages and disadvantages over other 
test methods . 
Advantages:-
( a) a high degree of precision and replicabili ty is 
possible . 
(b) only JO mites per concentr2tion and a range of 
4-5 concentr~tions is necess~ry for each treat-
ment to give a hi6h degree of ac curacy o 
(c) toxicity levels can be determined accurately in 
t-erms of dosc<ge per unit of mite weighto 
Disadvflntages:-
(a) the technique is limited to determination of 
contact toxicity. 
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(b) it is difficult to handle accurctely hen high 
concentrRtions of 50-100;~ are demanded for testing 
resistant strains. 
(c) it is more exacting and time consuming than some 
other CTethods. 
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APPENDICES 
API't,NDIX 1. 
Dosage Mortality Data 
Comparison of the toxicity of ethyl Gusathion in two 
solvents, Acetophenone and Kerosene, against T. urticae 
S-strain. -
Solvent Cones. Log No. Iv1orta lit y Corrected 
Tested Cone. Tested after 24 1 /o 
g/l mg/l hours ~ ortality 
Aceto-
phenone 1.0 3.00 30 29 97 
0.5 2.70 30 20 66 
0.25 2.40 30 15 48 
0.125 2.10 30 8 25 
o.o625 1.80 30 3 7 
o.o o.o 30 1 -
Kerosene 
+ 100;0 
xylol 1.0 3.00 30 30 100 
o. 5 2. 70 30 30 100 
0.25 2.40 30 26 87 
0.125 2.10 30 13 41 
0 . 0625 1.80 JO 5 14 
o.o o.o 30 1 -
162. 
APPENDIX 2. 
Comparison of acaricide solvents on T. urticae using elthane 
as the basis. 
Mite mortalities per cage of 10 mites 
Solvent Solvent Total Kelthane Total Kelthane .5fo '1 otal 
alone .157~ 
Aceto-
phenone 0 0 1 0 1 2 0 2 3 2 4 11 9 9 8 9 8 43 
Anisole 1 2 0 1 0 4 2 5 5 2 4 18 10 9 10 10 9 48 
Benzyl 
alcohol 0 1 2 1 0 4 2 4 3 4 5 18 8 7 7 8 8 38 
Kerosene 0 0 1 0 1 2 4 7 7 3 2 23 9 10 10 9 10 48 
l\.iesityl 
oxide 1 2 0 1 0 4 2 1 2 2 2 9 7 8 8 8 9 40 
Methoxy 
3 3 6 5 6 8 8 9 9 10 44 ethanol 0 0 0 1 0 1 23 
Phene-
46 tole 0 0 0 0 1 1 5 6 4 5 7 27 9 9 9 9 10 
163. 
3. 
Dosage lortality Data 
Acaricide toxicity to R and S- strains of • urticae . 
Acaricide Cones. Log No. l"ortality Corrected 
&, 1v1i te Tested Cone. Tested after 24 jo 
Stra in g/l mg/l hours ortality 
Ethyl 10.0 4.00 20 20 100 
f arathion 
(ex Ger.) 5.0 3.70 30 28 93 
S-strain 2.5 3.40 30 19 62 
1.25 3.10 30 9 28 
Oo625 2.80 30 4 10 
0.0 o.o 30 1 0 
Ethyl 2000 6.30 30 29 97 
Par athion 
(ex Ger.) 1000 6.oo 30 22 73 
R-stra in 500 5. 70 30 13 43 
250 5 .Li-0 30 3 10 
0 0.0 30 0 0 
Ethyl 5. 0 3 . 70 30 28 92 
Parathion 
78 (ex N. 2 .) 3 . 4 3. 53 30 24 
S-stra in 1.25 3 .10 30 15 44 
0 . 625 2. 80 30 6 11 
o.o o.o 30 3 0 
164. 
AP~ENDI~ 3. Cont'do 
Acaricide Cones o Log No. ortality Corrected & Mite Tested Cone. Tested after 24 % Strain g/l mg/l hours ortality 
Ethyl 2000 6.30 
Parathion 
30 25 82 
(ex N. Z.) 1000 6.00 30 20 65 
R-strain 500 5.70 30 18 57 
250 5 .40 30 11 32 
125 5.10 30 5 11 
10 4o00 30 2 0 
0 0.0 30 2 0 
Methyl 40.0 4.60 30 28 93 
Parathion 
20.0 4.30 30 24 79 
S-strain 
10.0 4.00 30 15 48 
5.0 3.70 30 e 25 
2 .5 3.40 30 6 1$ 
1.25 3.10 30 1 0 
0.0 o.o 30 1 0 
Methyl 1600.0 6.20 30 14 45 
Parathion 
1000.0 6.00 30 10 Jl 
R-strain 
5.90 30 9 28 800.0 
500.0 5.70 30 8 25 
250.0 5 .40 30 3 7 
125.0 5 . 10 30 2 4 
o.o 0.0 30 1 0 
165 . 
APP.illiDIX 3. Cont'd. 
Acaricide Cones. Log No. Mortality Corrected 
& Mite Tested Cone. Tested after 24 ";o 
Strain g/l mg/l hours Mortality 
Ethyl 1.0 3. 00 30 30 100 
Gusathion 
0 .5 2.70 30 29 97 
S-strain 
0.25 2.40 30 20 67 
0.125 2.10 30 14 47 
0 .0625 1.80 30 5 17 
o.o o.o 30 0 0 
Ethyl 200.0 5 .30 30 26 86 
Gusathion 
100.0 5.00 30 22 71 
R-strain 
50.0 4.70 30 21 68 
25.0 4.40 30 17 54 
12.5 4.10 30 13 39 
6.25 3.80 30 7 17 
o.o o.o 30 2 0 
Methyl 40.0 4.60 30 30 100 
Gusathion 
30 27 90 20.0 4.30 
S-strain 
4.00 30 27 90 10.0 
5.0 3.70 40 35 88 
2 .5 3.40 30 25 82 
1.25 3.10 30 19 62 
0.625 2.80 30 5 14 
o.o 0.0 30 0 0 
166. 
PPENDIX_l. Cont'd. 
caricide Cones. Log No. Mortality Corrected 
& Mite Tested Cone. Tested after 24 7o 
Strain g/l mg/l hours ortality 
Methyl 10.0 4.00 30 30 100 
Gusathion 
5.0 3.70 30 29 97 
S(Ger.) 
Stra in 2.5 3.40 30 24 79 
1.25 3.10 30 20 65 
0. 625 2.80 30 16 49 
0.3125 2.49 30 7 18 
o.o o.o 30 2 0 
Methyl 1,000.0 6.00 30 22 72 
Gusathion 
500.0 5.70 30 22 72 
R-stra in 
125.0 5.10 30 13 41 
31.0 4 .49 30 10 31 
7.8 3 . 89 30 4 10 
1.95 3. 29 30 2 4 
o.o o.o 30 1 0 
Kelthane 20.0 4.3 0 30 30 100 
S-stra in 10.0 4.00 30 28 92 
5.0 3.70 30 24 78 
2.5 3.40 30 19 60 
1. 25 3.10 JO 11 32 
0.625 2.80 30 4 6 
0.0 o.o JO 2 0 
167. 
APP~NDIX 3. Cont'd. 
Acaricide Cones. Log No. ortality Corrected 
& Mite Tested Cone. Tested after 24 ,o 
Strain g/l mg/l hours Jl.1ortC1.lity 
Kelthane 10.0 4.00 30 29 97 
R-strain 5.0 3.70 30 27 89 
2.5 3.40 30 22 70 
1.25 3.10 30 11 30 
0.625 2.80 30 5 $ 
0.0 0.0 30 3 0 
Morocide 10.0 4.00 30 28 92 
8-stra in 5.0 3.70 30 20 65 
2.5 3.40 40 19 44 
1.25 3.10 30 6 14 
0.625 2.80 30 3 3 
o.o o.o 30 2 0 
Morocide 50.0 4.70 30 29 97 
R-stra in 25.0 4.40 30 27 $9 
12.5 4.10 30 24 78 
6.25 3.80 30 13 37 
3.125 3.49 30 6 11 
0.0 o.o 30 3 0 
168. 
earieide Cones. Log 1~ 0. ortality Corrected 
& Mite Tested Cone . Tested after 24 1 70 
Strain g/l mg/l hours ortality 
iv esurol 20.0 4,30 30 30 100 
S-strain 10.0 4 . 00 30 30 100 
5 . 0 3 . 70 30 28 93 
2.5 J . 40 40 28 69 
1.25 J . 10 30 12 38 
0 . 625 2.80 JO 2 4 
0.0 0.0 30 1 0 
1 esurol 250.0 5 . 40 JO 29 97 
R-strain 125 . 0 5. 10 JO 26 87 
62 . 5 LhBO JO 24 79 
Jl . 25 4 . 49 30 20 66 
15 . 60 4 .19 JO 21 69 
7 . 80 3 . 89 30 13 41 
3 . 90 3.59 JO 6 18 
0 . 0 u.o 30 1 0 
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